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SEMICONDUCTOR DEVICE FABRICATION
METHOD AND SEMICONDUCTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a division of application Ser. No. 10/107,298, filed
Mar. 28, 2002, now U.S. Pat. No. 7,208,423 which is incor-
porated herein by reference.

This application is based upon and claims the benefit of
priority from prior Japanese Patent Applications P2001-
123632, filed on Apr. 20, 2001; P2001-123633, filed on Apr.
20,2001; and P2002-47944, filed on Feb. 25, 2002; the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
fabrication method of fabricating system large scale integra-
tion (LSI) devices and the like having mixed logic and
memory parts, and a semiconductor device fabricated by this
method. More particularly, it relates to a fabricating method
of forming a gate pattern of a metal oxide silicon (MOS)
transistor in logic parts in a system L.SI and a structure of the
gate pattern of the MOS transistor.

2. Description of the Related Art

Recently, there is a strong demand of miniaturization and
multifunction in consumer electronic products and informa-
tion devices. It is, accordingly, necessary to manufacture
those electronic products, for example, a system LSI based on
microstructure technology.

The most important problem in the above current demand
is therefore to fabricate a device pattern of a MOS transistor
in a logic part with a microstructure. Although various
researches and developments for exposure light sources,
photo resists, ultra-resolution technology, and the like have
been done, at the present time the lithography (exposure)
technology does not satisfy the current demand to miniatur-
ization.

Recently, a resist sliming method has been proposed as one
of'technologies to fabricate a device pattern with a dimension
of not more than a limitation of lithography resolution. This
method can fabricate fine patterns with a dimension of not
more than the limitation of a lithography resolution by per-
forming an isotropy etching and the like for a resist pattern
after the fabrication of this resist pattern.

Hereinafter, a description will be given of an example in
which the resist sliming method is applied to a MOS transistor
fabrication process.

FIGS. 120A-120C through FIG. 125 are plan views of a
fabrication process of a MOS transistor in a logic section and
sectional views thereof along lines X-X' and Y-Y". That is, as
shown in FIGS. 120A-120C, a gate insulating film 201 is
formed over a silicon substrate 200 including an element
region 200q and an element isolation region 2005 by a ther-
mal oxidation method and the like. After this process, a work
material film, for example, a poly-silicon film 202 as a gate
electrode material film is deposited over the gate insulation
film 201 by a chemical vapor deposition (CVD) method.

Following this process, a resist is applied over the poly-
silicon film 202 and then dried, and a lithography process
(exposure) is performed in order to form a first resist pattern,
for example, a gate resist pattern 203 with a limitation dimen-
sion of the lithography (exposure) gate resist pattern forming
process. In this process, the gate resist pattern 203 is formed
over the element region 2004 and the element isolation region
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2005. Here, the pattern section over the element region 200a
is called to as a gate electrode pattern section 203a and the
pattern section over the element isolation region 2006 is
called to as a wiring pattern section 2035.

As shown in FIGS. 121A to 121C, the gate resist pattern
203 is processed by the isotropy dry etching using O, series
gas, and as shown by dotted lines in those figures, the sliming
process is performed in order to form the gate resist pattern
203' whose dimension is not more than the limitation of the
lithography (Gate resist sliming process).

Next, as shown in FIGS. 122A to 122C, the poly-silicon
film 202 is etched by a reactive ion etching (RIE) method
using the gate resist pattern 203' as a mask. This process
makes the gate pattern 204 having a gate electrode pattern
section 204a formed over the element region 200a and a
wiring pattern section 2045 formed over the element isolation
region 2005 (Gate electrode working process).

Next, as shown in FIGS. 123A to 123C, the gate resist
pattern 203' is removed from the surface of the gate pattern
204 by O, ashing method and the like (Resist removing pro-
cess).

Thereby, it is possible to form the gate resist pattern 203'
having a pattern width that is not more than the limitation of
the lithography resolution, and then possible to form the fine
gate pattern 204 having a pattern width of not more than the
limitation of the lithography resolution by performing the
etching process for the poly-silicon film 202 as the gate elec-
trode material film using the gate resist pattern 203' as the
mask.

After the above processes, although not shown, an impurity
is doped into the surface of the silicon substrate 200 by using
the gate electrode pattern section 204a as the mask in order to
form the source and drain diffusion layer (designated by the
dotted lines in FIG. 123B) of the MOS transistor. Following
this process, the known layer insulation formation and wiring
process are performed, and the MOS transistor fabrication
process is thereby completed.

However, in the resist sliming process according to the
related art described above, although a fine pattern of the gate
electrode pattern section 2044 corresponding to a line pattern
can be formed, the space section in the wiring pattern section
2045 is enlarged. Therefore it is necessary to relax the design
rule for the space section when compared with the case not
using the sliming process because the space section in the
wiring pattern section 2045 is enlarged by the execution of the
sliming process. That is, as shown in FIGS. 124A and 124B,
the dimension “t” (the distance of the adjacent gate patterns)
in the space section in the wiring pattern 2045 can be reduced
to the dimension “t,” of the lithography resolution limitation
when no sliming process is performed. But, when the sliming
process is performed, the dimension “t,” can be relaxed to the
dimension “t,+2t,” that is obtained by adding the dimension
“ty” (as the dimension of the lithography resolution limita-
tion) and the dimension “2t,;” (as the sliming values of both
sides). As a result, although the related sliming method has
the effect to improve the performance of the operation speed
of'the MOS transistor because the fine gate electrode pattern
in the MOS transistor can be formed, it has no effect to reduce
a semiconductor chip area because the design rule of the
space section in the wiring pattern section should be relaxed
when compared with the normal lithography process using no
sliming process.

FIG. 125 shows a gate pattern in a dynamic random access
memory (DRAM) cell. In FIG. 125, the dotted lines show a
resist pattern before the sliming process and the solid lines
show a resist pattern after the sliming process. The memory
cell section requires a fine pattern pitch in order to increase
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the integration. However, when the related art sliming process
is applied to the memory cell section, a space pattern dimen-
sion P, after the sliming process cannot be reached to the
limitation of a space resolution in a lithography process. This
means that the dimension P, of the space pattern in the lithog-
raphy process should be relaxed. As a result, the gate pattern
pitch in the memory cell section is relaxed, so that there is a
possibility to cause a drawback in which the chip area of a
system LSI having relatively large-scale memory cells is
expanded.

That is, the sliming process has various drawbacks because
a pattern for which no sliming process is necessary is also
slimmed by performing the sliming process. For example, in
a case that both a fine line pattern and a narrow-width space
pattern are obtained, when the line pattern is slimmed, the
dimension of the narrow-width space pattern becomes also
wide. Therefore it is necessary to set the dimension of the
space pattern to a narrow dimension before performing this
sliming process. This causes a difficulty to perform a lithog-
raphy process.

As described above, although the sliming process to form a
fine line pattern is well known, it is difficult to obtain a desired
pattern dimension in the entire area of a same layer including
various patterns, for example, a fine line pattern and a narrow
space-width space pattern.

By the way, the related art also has following problems.

In a case to form a gate layer circuit pattern of a semicon-
ductor device in which logic sections and memory sections
are mixed using a combination of the exposure using an
alternating phase shift mask and the resist sliming process for
the logic gate section, it is necessary to performing following
three exposure processes. In the first and second exposure
processes as a double exposure process, the logic gate section
is exposed by using the alternating phase shift mask and a trim
mask in order to form the resist pattern, and the resist pattern
is then slimed by the sliming process. After this process, in the
third exposure process, both the memory cell section and the
wiring section are exposed. This related art method must
require those three exposure processes described above. That
is, this related art method should perform the exposure pro-
cesses of many times.

Further, with advancing semiconductor device miniatur-
ization, it becomes difficult to form a fine pattern of the
semiconductor devices. In order to solve this problem, a
lithography process uses a thin film resist having a thin thick-
ness. When a thin-film resist is used, it is necessary to perform
a highly selective etching for a target etching material in order
to avoid occurrence to disappear the thin film resist having a
thin thickness. In the highly selective etching the target etch-
ing material is etched while protecting the resist pattern from
an etching gas by adhering reaction products generated by the
etching onto the resist. Hence, the amount of reaction prod-
ucts greatly affects a process accuracy of the target etching
material. Specifically speaking, the amount of reaction prod-
ucts becomes increase according to increasing an etching
area. For this reason, when a line pattern and the like is
formed, a line width in an area having a rough line pattern
becomes large when compared with that in an area of a dense
line pattern. That is, in the etching method of this type, a
dimension of a line pattern is greatly changed according to the
density of the pattern.

Furthermore, when a sliming process (to slim a resist pat-
tern by etching) is performed for a resist pattern, the amount
of' the sliming is also changed according to the density of the
pattern.

BRIEF SUMMARY OF THE INVENTION

A semiconductor device fabrication method according to
an embodiment includes, depositing a mask material film
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over a work film and forming a first resist pattern over the
mask material film by a first exposure process, forming a
mask pattern by processing the mask material film using the
first resist pattern as a mask, removing the first resist pattern,
forming a second resist pattern over the work film including
the mask pattern, and the second resist pattern covering a
non-selected region of the mask pattern and having an open-
ing through which a selected region in the mask pattern is
exposed by a second exposure process, sliming the part in the
mask pattern exposed through the opening of the second resist
pattern, removing the second resist pattern, and forming a
work film pattern having a pattern section of a wide dimen-
sion width and a pattern section of a narrow dimension width
by etching the work film using the mask pattern as a mask.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C are a plan view and sectional views along
X-X" and Y-Y"' lines of the plan view of a semiconductor
device made by the process in the semiconductor device
fabrication method according to the first embodiment;

FIGS. 2A-2C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by the process in the semiconductor device
fabrication method according to the first embodiment;

FIGS. 3A-3C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by the process in the semiconductor device
fabrication method according to the first embodiment;

FIGS. 4A-4C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by the process in the semiconductor device
fabrication method according to the first embodiment;

FIGS. 5A-5C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by the process in the semiconductor device
fabrication method according to the first embodiment;

FIGS. 6A-6C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by the process in the semiconductor device
fabrication method according to the first embodiment;

FIGS. 7A-7C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by the process in the semiconductor device
fabrication method according to the first embodiment;

FIGS. 8A-8C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by the process in the semiconductor device
fabrication method according to the first embodiment;

FIGS. 9A and 9B are diagrams showing patterns before
and after sliming process in the semiconductor device fabri-
cation method according to the first embodiment;

FIG. 10 is a diagram showing results of the semiconductor
device fabrication method according to the first embodiment
and a related semiconductor device fabrication method;

FIGS. 11A and 11B are a plan view and a sectional view
along Y-Y" line of the plan view of a semiconductor device
made by the process in the semiconductor device fabrication
method according to the second embodiment;

FIG. 12 is a sectional view of the semiconductor device
made by the process in the semiconductor device fabrication
method according to the second embodiment;

FIG. 13 is a sectional view of the semiconductor device
made by the process in the semiconductor device fabrication
method according to the second embodiment;
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FIG. 14 is a sectional view of the semiconductor device
made by the process in the semiconductor device fabrication
method according to the second embodiment;

FIG. 15 is a sectional view of the semiconductor device
made by the process in the semiconductor device fabrication
method according to the second embodiment;

FIGS. 16 A-16C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the third-embodiment;

FIGS. 17A-17C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the third embodiment;

FIGS. 18A-18C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the third embodiment;

FIGS. 19A-19C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the third embodiment;

FIGS. 20A-20C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the third embodiment;

FIGS. 21A-21C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the third embodiment;

FIGS. 22A-22C are a plan view and sectional views of the
plan view of a semiconductor device made by each process in
the semiconductor device fabrication method according to
the fourth embodiment;

FIGS. 23A-23C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the fourth embodiment;

FIGS. 24A-24C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the fourth embodiment;

FIGS. 25A-25C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the fourth embodiment;

FIGS. 26 A-26C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the fourth embodiment;

FIGS. 27A-27C are a plan view and sectional views along
X-X" and Y-Y' lines of the plan view of the semiconductor
device made by each process in the semiconductor device
fabrication method according to the fourth embodiment;

FIG. 28 is a plan view and a sectional view of the plan view
of'a semiconductor device made by the semiconductor device
fabrication method according to the fifth embodiment;

FIG. 29 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the fifth embodiment;

FIG. 30 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the fifth embodiment;

FIG. 31is aplan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the fifth embodiment;
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FIG. 32 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the fifth embodiment;

FIG. 33 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the fifth embodiment;

FIG. 34 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the fifth embodiment;

FIG. 35 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the fifth embodiment;

FIG. 36 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the fifth embodiment;

FIG. 37 is a plan view and a sectional view of the plan view
of'a semiconductor device made by the semiconductor device
fabrication method according to the sixth embodiment;

FIG. 38 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the sixth embodi-
ment;

FIG. 39 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the sixth embodi-
ment;

FIG. 40 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the sixth embodi-
ment;

FIG. 41 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the sixth embodi-
ment;

FIG. 42 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the sixth embodi-
ment;

FIG. 43 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the sixth embodi-
ment;

FIG. 44 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the sixth embodi-
ment;

FIG. 45 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the sixth embodi-
ment;

FIG. 46 is a plan view and a sectional view of the plan view
of'a semiconductor device made by the semiconductor device
fabrication method according to the seventh embodiment;

FIG. 47 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the seventh embodi-
ment;

FIG. 48 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the seventh embodi-
ment;

FIG. 49 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the seventh embodi-
ment;
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FIG. 50 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the seventh embodi-
ment;

FIG. 51 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the seventh embodi-
ment;

FIG. 52 is aplan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the seventh embodi-
ment;

FIG. 53 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the seventh embodi-
ment;

FIG. 54 is a plan view and a sectional view of the plan view
of'a semiconductor device made by the semiconductor device
fabrication method according to the eighth embodiment;

FIG. 55 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 56 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 57 is aplan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 58 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 59 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 60 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 61 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 62 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 63 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the eighth embodi-
ment;

FIG. 64 is a plan view and a sectional view of the plan view
of'a semiconductor device made by the semiconductor device
fabrication method according to the ninth embodiment;

FIG. 65 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the ninth embodi-
ment;

FIG. 66 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the ninth embodi-
ment;
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FIG. 67 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the ninth embodi-
ment;

FIG. 68 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the ninth embodi-
ment;

FIG. 69 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the ninth embodi-
ment;

FIG. 70 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the ninth embodi-
ment;

FIG. 71 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the ninth embodi-
ment;

FIG. 72 is a plan view and a sectional view of the plan view
of the semiconductor device made by the semiconductor
device fabrication method according to the ninth embodi-
ment;

FIG. 73 is a schematic diagram showing a semiconductor
device according to the tenth embodiment;

FIG. 74 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a first
example of the tenth embodiment;

FIG. 75 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
example of the tenth embodiment;

FIG. 76 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
example of the tenth embodiment;

FIG. 77 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
example of the tenth embodiment;

FIG. 78 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
example of the tenth embodiment;

FIG. 79 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
example of the tenth embodiment;

FIG. 80 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
example of the tenth embodiment;

FIG. 81 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a second
example of the tenth embodiment;

FIG. 82 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the second
example of the tenth embodiment;

FIG. 83 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a second
example of the tenth embodiment;

FIG. 84 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a second
example of the tenth embodiment;

FIG. 85 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a second
example of the tenth embodiment;

FIG. 86 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a second
example of the tenth embodiment;
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FIG. 87 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a second
example of the tenth embodiment;

FIG. 88 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a first
modification example of the tenth embodiment;

FIG. 89 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
modification example of the tenth embodiment;

FIG. 90 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
modification example of the tenth embodiment;

FIG. 91 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
modification example of the tenth embodiment;

FIG. 92 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
modification example of the tenth embodiment;

FIG. 93 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
modification example of the tenth embodiment;

FIG. 94 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the first
modification example of the tenth embodiment;

FIG. 95 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to a second
modification example of the tenth embodiment;

FIG. 96 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the second
modification example of the tenth embodiment;

FIG. 97 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the second
modification example of the tenth embodiment;

FIG. 98 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the second
modification example of the tenth embodiment;

FIG. 99 is a sectional diagram showing a part of the semi-
conductor device fabrication method according to the second
modification example of the tenth embodiment;

FIG. 100 is a sectional diagram showing a part of the
semiconductor device fabrication method according to the
second modification example of the tenth embodiment;

FIG. 101 is a sectional diagram showing a part of the
semiconductor device fabrication method according to the
second modification example of the tenth embodiment;

FIGS. 102A-102C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to a first example of the eleventh
embodiment;

FIGS. 103A-103C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the first example of the eleventh
embodiment;

FIGS. 104A-104C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the first example of the eleventh
embodiment;

FIGS. 105A-105C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the first example of the eleventh
embodiment;

FIGS. 106A-106C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
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device made by the process in a semiconductor device fabri-
cation method according to the first example of the eleventh
embodiment;

FIGS. 107A-107C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the first example of the eleventh
embodiment;

FIGS. 108A-108C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the first example of the eleventh
embodiment;

FIGS. 109A-109C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to a second example of the eleventh
embodiment;

FIGS. 110A-110C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the second example of the elev-
enth embodiment;

FIGS. 111A-111C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the second example of the elev-
enth embodiment;

FIGS. 112A-112C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the second example of the elev-
enth embodiment;

FIGS. 113A-113C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the second example of the elev-
enth embodiment;

FIGS. 114A-114C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the second example of the elev-
enth embodiment;

FIGS. 115A-115C are a plan view and sectional views
along B-B and C-C lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to the second example of the elev-
enth embodiment;

FIGS. 116 A-116F are sectional views showing the semi-
conductor device fabrication method according to the twelfth
embodiment;

FIGS. 117A-117G are sectional views showing the semi-
conductor device fabrication method according to the thir-
teenth embodiment;

FIGS. 118A-118G are sectional views showing the semi-
conductor device fabrication method according to fourteenth
embodiment;

FIGS. 119A-119H are sectional views showing the semi-
conductor device fabrication method according to the fif-
teenth embodiment;

FIGS. 120A-120C are a plan view and sectional views-
along X-X"and Y-Y" lines of the plan view of a semiconductor
device made by the process in a semiconductor device fabri-
cation method according to a related art;

FIGS. 121A-121C are a plan view and sectional views
along X-X' and Y-Y' lines of the plan view of the semicon-
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ductor device made by the process in the semiconductor
device fabrication method according to a related art;

FIGS. 122A-122C are a plan view and sectional views
along X-X' and Y-Y' lines of the plan view of the semicon-
ductor device made by the process in the semiconductor
device fabrication method according to a related art;

FIGS. 123A-123C are a plan view and sectional views
along X-X' and Y-Y' lines of the plan view of the semicon-
ductor device made by the process in the semiconductor
device fabrication method according to a related art;

FIGS. 124A and 124B are diagrams showing patterns
before and after sliming process in the semiconductor device
fabrication method of a related art; and

FIG. 125 is a diagram showing gate patterns before and
after sliming process in the semiconductor device fabrication
method of a related art.

DETAILED DESCRIPTION OF EMBODIMENTS

Various embodiments will be described with reference to
the accompanying drawings. It is to be noted that the same or
similar reference numerals are applied to the same or similar
parts and elements throughout the drawings, and the descrip-
tion of the same or similar parts and elements will be omitted
or simplified. In addition, through the entire description of
this specification, prepositions, such as “on”, “over”, and
“under” are used to cover both cases where there is a physical
contact (layers or films are directly contacted to each other)
and there is no physical contact (layers or films are not
directly contacted to each other) in a semiconductor device.

First Embodiment

A description will be given of the semiconductor device
fabrication method according to the first embodiment.

The firstembodiment is an application example to a system
LSI (Large-scale integration) including logic parts and
memory parts mixed in the semiconductor device. FIGS.
1A-1C through FIGS. 9A-9C are plan views and sectional
views along X-X' and Y-Y" lines of the corresponding plan
views of each process in a resist sliming method for fabricat-
ing a metal oxide silicon (MOS) transistor.

That is, as shown in FIGS. 1A-1C, a gate insulation film 2
of a thickness 1-3 nm is formed by a thermal oxidation
method performed for the silicon substrate 1 having the ele-
ment region 1a and the element isolation region 15. Follow-
ing this process, a work material film (as a work film), for
example, the polysilicon layer 3 of a thickness 150-200 nm is
formed by a low pressure chemical vapor deposition (a low
pressure CVD) method and the like. Following this process, a
mask material film, for example, a SiION film 4 as a hard mask
material film (first material) of a thickness 50-100 nm is
formed by a sputter method and the like. Itis acceptableto use
one of or a combination of SiO,, Si;N, or Al,O;, SiC, and a
carbon film instead of SiON for the hard mask material film 4.
Also, bottom anti-reflection coating (BARC) can be com-
bined with the above hard mask material. These Al,Oj;, SiC,
and a carbon film become a film as an optical anti-reflection
material film against the underlying layer.

Next, a photo resist is applied over the SiON film 4 by a
spin coating method and then dried. After this process, aresist
pattern (first resist pattern), for example, a gate resist pattern
5 is formed over the SiON film 4 over the element region 1a
and the element isolation region 15 with a dimension of the
limitation of the lithography resolution (Gate resist pattern
formation process). Inthis process, itis acceptable to apply an
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anti-reflection material film of an apply type before perform-
ing the spin coating using the resist.

Here, the gate resist pattern section over the element region
1a is called to as the gate electrode pattern part 5a and the gate
resist pattern section over the element isolation region 15 is
called to as the wiring patterns part 56.

Next, as shown in FIGS. 2A-2C, a dry etching process by a
reactive ion etching (RIF) method and the like is performed
for the SiON film 4 using the gate resist pattern 5 as a mask.
This dry etching makes a hard mask pattern 6 having a gate
electrode pattern 6a and a wiring pattern section 65 (Hard
mask work process).

When the anti-reflection material film of an apply type is
formed, the work process of the anti-reflection material film is
performed before the hard mask work process. In this hard
mask work process, a gas of a phloro-carbon series such as
CHEF, is used as the etching gas.

Next, as shown in FIGS. 3A-3C, the gate resist pattern 5 is
removed by the O, ashing (Resist remove process). In this
resist remove process, it is preferred to use a wet etching using
a stripper solution made of a mixed solution of a hydrogen
peroxide solution and a sulfuric acid or a combination of this
mixed solution and others.

Next, as shown in FIGS. 4A-4C, the spin coating of a photo
resist is performed for the silicon substrate 1 including the
hard mask pattern 6 and the photo-resist is dried. Then, the
second lithography (exposure) process is performed in order
to form the second resist pattern 7 having a predetermined
pattern as an anti-etching material (Sliming pattern exposure
process).

In this process, the second resist pattern 7 is so formed that
apart (for example, a gate electrode pattern in a logic section)
in the second resist pattern 7 which is slimmed by a sliming
process becomes an opening, and a part (for example, a wir-
ing pattern section over the element isolation section over
which a fine space pattern section is formed and a memory
cell pattern section with a relative high integration and the
like) to which no slimming process is performed is covered
with the second resist pattern 7. The opening 74 is so formed
that ithas a margin for a deviation between the opening 7a and
the element region la (see FIGS. 5A-5C). That is, it is pre-
ferred to form the opening 7a larger in area than the element
region 1a, for example, tens of nanometers in dimension.

In this process it is preferred to use a resist of a negative
tone to the resist that is used in the formation for the element
isolation region. For example, when a resist of a positive type
is used for the element isolation region 1la, a resist of a
negative type is used for the formation of the resist pattern 7,
and when a resist of a negative type is used for the element
isolation region 1a, a resist of a positive type is used for the
formation of the resist pattern 7. This has an advantage to
decrease the fabrication cost because the exposure mask used
in the formation of the element isolation region 15 may also
be used in the formation process of this second resist pattern
7.

In addition, because in the second lithography process the
second resist is formed over a step-shaped pattern (hard mask
pattern), it is also possible to use a multi-resist process using
a flat material to even the surface of the resist pattern.

Next, as shown in FIGS. 5A-5C, using the second resist
pattern 7 as a mask the gate electrode pattern 64 that is opened
through the opening 7a in the second resist pattern 7 is etched
by the dry etching method such as CDE (Chemical Dry Etch-
ing) method or RIE method, or by the wet etching method.
This etching process performs the selective sliming for the
gate electrode pattern section 6a through the opening 7a in
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order to form the pattern whose dimension is not more than
the limitation of the lithography resolution (Hard mask elec-
trode work process).

In those processes, when the dry etching is performed as
the etching for the gate electrode pattern section 64, a gas of
a phloro-carbon series, for example, CHF; is used as the
etching gas. In the wet etching process, ahot H;PO, isused as
the etching solution.

Next, as shown in FIGS. 6 A-6C, the second resist pattern 7
is removed by the O, ashing and the like (Resist remove
process). In this ashing process, it is preferred to use the wet
etching method using a stripper solution made of a mixed
solution of ahydrogen peroxide solution and a sulfuric acid or
a combination of this mixed solution and others.

Next, as shown in FIGS. 7A-7C, the poly-silicon film 3 is
etched by the dry-etching such as RIE method and the like
using the hard mask pattern 6 as a mask in order to form a gate
pattern 8 including a gate electrode pattern section 8a and a
wiring pattern section 85 (Gate electrode work process). Fol-
lowing this process, the gate insulation film 2 is etched. In this
etching process, a gas of Halogen series such as Cl,, HBrand
the like is used as the etching gas for the poly-silicon film 3.

Next, as shown in FIGS. 8A-8C, the hard mask pattern 6 is
removed by the wet etching method and the like (Hard mask
remove process). In this etching process, a hot H;PO,, is used
as the etching solution.

As shown in FIGS. 9A and 9B, a portion, for example, the
gate electrode pattern section 8a of a transistor in a logical
part that should be formed in a fine dimension is formed to a
fine pattern whose dimension is not more than the limitation
of the lithography resolution by performing the sliming pro-
cess. Further, a space portion that should be formed in a fine
dimension, for example, the wiring pattern section 85 (a space
section between the gate patterns over the element isolation
portion or amemory cell section) is formed in a fine space, not
by performing the sliming process, that is equal to the limi-
tation of the lithography resolution.

After those processes described above, although the fol-
lowing doping process is not shown, an impurity is doped into
the silicon substrate 1 using the gate electrode pattern section
8a as a mask in order to form the source-drain diffusion layer
(designated by the dotted lines, see FIG. 8) of the MOS
transistor. After this process, the known layer insulation film
formation process and the known wiring process are per-
formed, so that the fabrication of the MOS transistor is com-
pleted.

According to this embodiment, the selective sliming pro-
cess is performed only for the part (the gate electrode pattern
section in a transistor in the logic section) with a fine line
dimension. It is thereby possible to form the fine gate elec-
trode pattern 8a (line pattern) by performing the sliming
process and to form the fine wiring pattern 85 (a space pat-
tern) by performing no sliming process, and it is thereby
possible to realize effects to increase the performance of the
transistor operation and to reduce the semiconductor chip
area simultaneously.

Next, the semiconductor device fabrication method of this
embodiment and the semiconductor device fabrication
method of the related art will be compared according to each
item of an actual design rule. FIG. 10 shows a pattern layout
and items of actual gate contact (GC) layer/element region
(AA) layer. That is, FIG. 10 shows plane-shaped patterns after
transfer by this embodiment and the related art.

In FIG. 10, A0 indicates a gate length of a transistor. In a
design rule of this gate length, this embodiment can set the
same design rule that is used in the related art. Hence, it is
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possible to realize a MOS transistor of a high performance by
performing the sliming process that can form a fine gate
length.

Al indicates a wiring pattern width in the element isolation
region. Because the sliming is performed for this portion (the
wiring pattern width) in the related art, not performed in this
embodiment, this portion becomes a fine pattern in the related
art. However, in the majority of cases, the magnitude of a gate
contact fringe determines an impact on the chip size caused
by the portion specified by A1, and because the gate contact
fringe is determined by a margin of the gate contact matching,
it is necessary to have a gate contact fringe of a certain
magnitude independently from the portion designated by Al.
That is, even if a design value of the portion A1 becomes a fine
magnitude, this affects a small impact given to the chip size.

Further, in this embodiment and the related art, rules of a
space BOA between gates and gate space BOB crossing the
element isolation region take a same value. This embodiment
can reduce the dimension of the space B1 of the gate wiring
pattern to the limitation of the lithography resolution. There-
fore this embodiment has a greatly effect to reduce the chip
size. The reference character “C” designates an end cap of a
transistor. It is necessary to keep a certain region (area) in
order to prevent that the end of the gate is over the portion AA
by the matching deviation between a line shortening and the
end cap portion. That is, in the related art, it is necessary to
perform a patterning of the region designated by the dotted
lines for the sliming process performed for the element iso-
lation region. Therefore this pattering region in the related art
is greater in area than that in this embodiment. In order to
avoid any occurrence of short phenomenon during the forma-
tion of the resist pattern, the method of the related art should
set a relatively large size of the space (see the portion Gap)
over the element isolation region during the lithography pro-
cess. This is a drawback of the related art considering the
reduction of the chip area. The same drawback occurs for the
width E between the gate wiring pattern and the portion AA
(because the rule of E is determined by the magnitude of the
matching margin between GC-AA (the gate layer GC and the
portion AA). This embodiment and the related art have the
same design rule for the distance D between the gate and the
portion AA. Although the related art can form a fine pattern of
the minimum area F of the gate, this reduction of the area does
not affect the reduction of the chip size when the space (see
Gap) cannot be reduced in area and even if this gate area can
be reduced.

As described above, there is no difference between this
embodiment and the related art about the rules A0, A1, BOA,
BOB, D, and F. However, this embodiment has the advantage
of'the reduction of the chip size (chip area) about the rules A1,
B1, C, and E when compared with the related art. Therefore,
on the whole the semiconductor device fabrication method of
this embodiment is far superior to the method of the related art
in the reduction of the chip area.

In addition, according to this embodiment, the sliming is
performed for the pattern over the element region and not
performed for the pattern over the element isolation section.
Therefore the second resist pattern 7 transferred during the
second exposure process becomes a reverse pattern of the
element region la. In this case, it is possible to form the
opening 7a, that is transferred in the second exposure process,
in the second resist pattern 7 greater in area than the element
region la in order to have the margin for a deviation between
the element region 1a and the second resist pattern 7. Further-
more, in this case, when the reverse tone (a positive type or a
negativetype) is used, that is reversed in tone to the resist used
in the formation of the element isolation region, the mask to
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be used in the second exposure process can also be used as the
same mask that was used in the formation of the element
isolation region. This can thereby reduce the fabrication cost.

In addition, according to this embodiment, because the
sliming process is not performed for the memory cell section
by using the second resist pattern, it is possible to keep the
dimension of the limitation of the lithography resolution
obtained in the first exposure process. Accordingly, even if a
relatively large-scaled memory cell is mounted in a system
LSI, the semiconductor device fabrication method of this
embodiment can prevent to increase the chip area of the
semiconductor chip when compared with the related art.

Furthermore, according to this embodiment, because the
gate length can be formed to the dimension that is not more
than the limitation of the lithography resolution by perform-
ing the sliming process, it is possible to obtain a high perfor-
mance such as the operation speed of the transistor and the
like.

Second Embodiment

Next, a description will be given of the semiconductor
device fabrication method according to the second embodi-
ment with reference to FIGS. 11A-11B to FIG. 15.

Similar to the first embodiment, the second embodiment is
an example in which the present invention is applied to a
system LSI including logic parts and memory parts mixed. In
particularly, in the second embodiment, the hard mask is not
removed after the gate electrode is processed, namely, the
hard mask is remained and used as a self-alignment contact
between a source-drain diffusion layer and this remaining
hard mask.

FIGS. 11A and 11B are a plan view and a sectional view
along Y-Y" line of the plan view of the gate electrode work
process performed by the resist sliming method in the semi-
conductor device fabrication method. FIG. 12 to FIG. 15
show sectional views of each fabrication process until the
formation of the self-alignment contact. That is, in the second
embodiment, firstly, like the first embodiment, following pro-
cesses are executed in order: Gate resist pattern formation
process, hard mask work process, resist remove process,
reverse lithography process, hard mask sliming process, gate
electrode work process, and resist remove process. After
those processes are completed, as a result, a gate pattern 8
including a fine gate electrode pattern section (line pattern) 8a
and a fine wiring pattern section (space pattern section) 86 is
formed, as shown in FIG. 11. In this case, the fine gate
electrode pattern section 8a has a dimension that is not more
than the limitation of the lithography resolution by perform-
ing the sliming, and the sliming is not performed for the fine
wiring pattern section 8.

Next, as shown in FIG. 12, for example, SiON film, that
will become a gate wall, film is deposited with a thickness
25-100 nm over the silicon substrate 1 by CVD method and
the like. After this, the gate side wall film 20 is formed on the
side wall of both the hard mask pattern 6a and the gate
electrode pattern 8a by performing etching such as RIE
method and the like (Side wall formation process). In this
process, a gas of ahalogen series such as Cl,, HBrand the like
is used as the etching gas.

Next, as shown in FIG. 13, after a layer insulation film 21
such as an oxidation film of a thickness 0.5-2.0 um is depos-
ited over the silicon substrate 1 including the gate electrode
pattern 8a by CVD method and the like (Layer insulation film
formation process), and the surface of the layer insulation
film 21 is then processed so that it becomes a flat surface by a
CMP (Chemical mechanical polishing) method (Planariza-
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tion process for layer insulation film). Following this pla-
narization process, aresist pattern to be used for the formation
of'a contact is formed over the layer insulation film 21 flatted
(Contact resist formation process).

Next, as shown in FIG. 14, the layer insulation film 21 is
removed by performing the etching of RIE method and the
like using the resist pattern 22 as a mask, so that a contact hole
24 is formed (Layer insulation etching process). This contact
hole is reached to the source-drain diffusion layer 23 over the
silicon substrate 1. In this process, a gas of a phloro-carbon
series such as CxFx and the like is used as the etching gas in
order to form the contact hole 24 by an etching selection rate
of the layer insulation film 21 and the gate side wall film 20.

Next, as shown in FIG. 15, after the resist pattern is
removed by the oxidation ashing and the like (Resist remove
process), an electrode material such as a poly-silicon and the
like is deposited over the contact hole 24 by performing CVD
method and the like. Then, unnecessary parts in the deposited
electrode material are removed, so that an imbedded contact
25 is formed (Contact formation process).

According to the second embodiment, like the first
embodiment, it is possible to form the fine line pattern by the
sliming process and to form the fine space pattern not by
performing the sliming process. In addition, because the gate
electrode pattern is formed to a dimension that is not more
than the limitation of the lithography resolution, it is possible
to increase the performance of the operation speed of the
transistor. Further, a following effect can be obtained in addi-
tion to the effect in which the increasing of the transistor
performance and the chip shrink to reduce the chip area:

That is, the contact hole 24 is formed based on the etching
selection ratio of the layer insulation film (SiO,) and the hard
mask pattern 6 by using the remaining hard mask pattern 6a
over the gate electrode pattern 8. Thereby, it is possible to
protect the gate-electrode pattern section 8a and to form the
contact hole 24 in self-alignment. This effect can introduce to
reduce the number of the fabrication steps.

Third Embodiment

Next, a description will be given of the semiconductor
device fabrication method according to the third embodiment
with reference to FIGS. 16 A-16C to FIGS. 21A-21C.

Like the first embodiment, the third embodiment is an
example in which the present invention is applied to a system
LSI including logic parts and memory parts mixed. In par-
ticularly, in the third embodiment, a multi-resist process is
used instead of the use of the hard mask.

FIGS. 16A-16C to FIGS. 21A-21C show plan views and
sectional views along Y-Y" line of the plan views of the semi-
conductor device fabrication method. That is, in the third
embodiment, first, as shown in FIGS. 16 A-16C, a gate insu-
lation film 32, a work film, for example, a poly-silicon film 33
as a gate electrode material film are deposited over a silicon
substrate 31 having an element region 31a and an element
isolation region 314 in order. After those deposition pro-
cesses, a multi-layer resist film 34 is formed over the poly-
silicon film 33.

The multi-layer resist film 34 is made up of an underlying
film 341, an intermediate film 34,, and a photo resist film 34;.
The underlying film 34, is made up of a carbon or an organic
film such as a resist of a novolak series formed over the
poly-silicon film 33. The intermediate film 34, is made up of
a SOG (Spin on Glass) or SiO, and the like formed on the
underlying film 34, . The photo resist film 34, is formed on the
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intermediate film 34,. Those underlying film 34, and the
intermediate film 34, act as the optical anti-reflection material
film.

The underlying film 34, or the intermediate film 34, acts as
a mask material for the etching process for the work film. The
underlying film 34, the intermediate film 34, and the photo-
resist film 34, are formed by drying after the spin coating
process, for example. The underlying film 34, is formed in a
thickness of approximately 0.5 um, the intermediate film 34,
is formed in a thickness of approximately 10 nm, and the
photo-resist film 34, is formed in a thickness of approxi-
mately 0.2 um.

Next, by the first lithography (exposure) process the photo-
resist film 34, is patterned in order to form the gate resist
pattern 35, having the gate electrode pattern section 35a over
the element region 31a and the wiring pattern section 356
over the element isolation region 315, in a thickness of the
limitation of the lithography resolution (Gate resist pattern
formation process). Hereinafter, the gate resist pattern section
over the element region 31a is called to as a gate electrode
pattern section 354, and the gate resist pattern section over the
element isolation region 3154 is called to as a wiring pattern
section 355.

Next, as shown in FIGS. 17A-17C, the reflection inhibition
film, namely, the intermediate film 34, and the underlying
film 34, are patterned by performing the dry etching such as
CDE and the like using the gate resist pattern 35 as a mask, in
order, so that the intermediate pattern 36 and the underlying
film pattern 37 are formed (Reflection inhibition film work
process). In this process, a mixed gas of a phloro-carbon
series such as CHF /O, and the like is used as the etching gas
for the intermediate film 34,,. Further, a mixed gas of N,/O, is
used for the etching gas for the underlying film 34, when it is
a resist of a novolak series. In addition, both the intermediate
film pattern 36 and the gate underlying film pattern 37 have
the gate electrode pattern section 36a and 374, and the wiring
pattern section 365 and 375.

During the patterning is performed in the underlying film
37, both the photo-resist film pattern 35 and the intermediate
film pattern 36 are gradually removed and finally, they are
completely removed. Accordingly, the underlying film pat-
tern 37 acts as a mask pattern when the poly-silicon film is
etched, that will be described later.

Next, as shown in FIGS. 18A-18C, like the first embodi-
ment, a photo-resist is applied over the silicon substrate 31
including the underlying film 37 by performing the spin coat-
ing and then dried. After those processes, by performing the
second lithography (exposure) process, a second resist pat-
tern 38, as an anti-etching material, having a predetermined
pattern in which the gate electrode pattern section 374 in the
underlying film pattern 37 is exposed through the opening
38a and the wiring pattern section 3756 is covered by this
second resist pattern 38 (Sliming pattern exposure process).

In this process, the resist of a selection ratio having an
anti-etching function during the sliming process performing
the etching to the underlying film pattern 37, that will be
described later, is used for the second resist pattern 38. In
addition, it is preferred to form the opening 38a having a
matching margin against the element region. For example, it
is so formed that the opening 38« is greater in dimension than
the area of the element region by several ten nm. Furthermore,
it is preferred to use a resist of a negative tone to the resist that
is used in the formation for the element isolation region. For
example, when a resist of a positive type is used for the
element isolation region, a resist of a negative type is used for
the formation of the resist pattern, and when a resist of a
negative type is used for the element isolation region, a resist
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ofapositive type is used for the formation of the resist pattern.
This has an advantage to decrease the fabrication cost because
the exposure mask used in the formation of the element iso-
lation region may also be used in the formation process of this
second resist pattern.

Moreover, because in the second lithography process the
second resist is formed over a step-shaped pattern (hard mask
pattern), it is also possible to use a multi-resist process using
a flat material to even the surface of the resist pattern.

Next, as shown in FIGS. 19A-19C, an isotropy etching is
performed for the gate electrode pattern section 374 in the
underlying film pattern 37 exposed through the opening 38«
in the second resist pattern 38 by CDE method and the like,
using the second resist pattern 38 as a mask. Then, as shown
by the dotted line in FIGS. 19A and 19B, only the gate
electrode pattern section 37a is slimmed through the opening
38a by performing the selective etching so that the pattern
dimension of the gate electrode pattern section 37a is not
more than the limitation of the lithography resolution (Under-
lying sliming work process). In this sliming process, a mixed
gas of N,/O, is used as an etching gas for the underlying film
pattern section 374, for example.

Next, as shown in FIGS. 20A-20C, the poly-silicon film 33
is etched by the dry-etching such as RIE method and the like
using the underlying film pattern 37 as a mask in order to form
a gate pattern 39 including a gate electrode pattern section
39a and a wiring pattern section 395 (Gate electrode work
process). Following this process, the gate insulation film 32 is
etched. In this etching process, a gas of Halogen series such as
Cl,, HBr and the like is used as the etching gas for the
poly-silicon film 33.

Next, as shown in FIGS. 21A-21C, the underlying film
pattern 37 is removed by O, ashing method and the like
(Underlying film remove process).

Thereby, a portion, for example, the gate electrode pattern
section 39a of a transistor in a logical part that should be
formed in a fine dimension is formed to a fine pattern whose
dimension is not more than the limitation of the lithography
resolution by performing the sliming process. Further, a space
portion that should be formed to a fine dimension, for
example, the wiring pattern section 395 (a space section
between the gate patterns over the element isolation portion
oramemory cell section) is formed to a fine dimension, not by
performing the sliming process, that is equal to the limitation
of the lithography resolution.

After those processes described above, although the fol-
lowing doping process is not shown, an impurity is doped into
the silicon substrate 31 using the gate electrode pattern sec-
tion 39a as a mask in order to form the source drain diffusion
layer (designated by the dotted lines, see FIG. 21B) of the
MOS transistor. After this process, the known layer insulation
film formation process and the known wiring process are
performed, so that the fabrication of the MOS transistor is
completed.

According to the third embodiment, in addition to the
effects of the first and second embodiments described above,
a following effect can be obtained.

Itis possible to form the photo-resist film 34, that becomes
the first resist pattern 35 with a thickness that is enough to
pattern the thin intermediate film 34, of a thickness of
approximately 10 nm. Because the third embodiment can
form the photo-resist film 343 in a thinner thickness when
compared with the film 0f' 0.4 um in the related art and the film
01'0.4 um in the first embodiment, it is possible to increase the
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accuracy of processing the pattern by increasing the resolu-
tion. This leads to increase the transistor performance.

Fourth Embodiment

Next, a description will be given of the semiconductor
device fabrication method according to the fourth embodi-
ment with reference to FIGS. 22A-22C to FIGS. 27A-27C. In
those drawings and following descriptions, the same compo-
nent parts having the same function and the same configura-
tion of the third embodiment will be referred by using the
same reference characters and numbers, and omitted the
detailed explanation for the same component parts.

The difference between the fourth embodiment and the
third embodiment is following. Although the sliming process
is performed for the underlying film pattern in the third
embodiment, the sliming process is performed for the inter-
mediate film pattern in the fourth embodiment.

That is, as shown in FIGS. 22A-22C, the gate insulation
film 32 and the poly-silicon film 33 are deposited on the
silicon substrate 31 having the element region 31a and the
element isolation region 315 in order. After those deposition
processes.

The underlying film 34, , the intermediate film 34,, and the
photo-resist film 34, are deposited in order, as the multi-layer
resist film 34.

By the first lithography (exposure) process the photo-resist
film 34, is patterned in order to form the gate resist pattern 35,
having the gate electrode pattern section 35a over the element
region 31a and the wiring pattern section 356 over the ele-
ment isolation region 315, in a thickness of the limitation of
the lithography resolution (Gate resist pattern formation pro-
cess).

Next, as shown in FIGS. 23A-23C, the dry etching is per-
formed for the intermediate film 34, by using RIE etching and
the like using the gate resist pattern 35 as a mask, so that the
intermediate pattern 36 having the gate electrode pattern sec-
tion 36a over the element region 31a and the wiring pattern
section 365 over the element isolation area 315 is formed
(Reflection inhibition film work process). In this process, a
mixed gas of a phloro-carbon series such as CHF /O, and the
like is used as the etching gas for the intermediate film 34,.

Next the photo-resist pattern 35 on the intermediate pattern
36 is removed by performing O, ashing (Resist film remove
process). After this process, like the third embodiment, as
shown in FIGS. 24 A-24C, by performing the second lithog-
raphy (exposure) process, the second resist pattern 38, as an
anti-etching material, having a predetermined pattern in
which the gate electrode pattern section 36« in the interme-
diate film pattern 36 is exposed through the opening 38« and
the wiring pattern section 365 is covered by this second resist
pattern 38 (Sliming pattern exposure process). In this process,
the resist of a selection ratio having an anti-etching function
during the sliming process performing the etching to the
intermediate film pattern 36, that will be described later, is
used for the second resist pattern 38.

In addition, it is preferred to form the opening 384 having
amatching margin against the element region. For example, it
is so formed that the opening 38« is greater in dimension than
the area of the element region by several ten nm. Furthermore,
it is preferred to use a resist of a negative tone to the resist that
is used in the formation for the element isolation region. For
example, when a resist of a positive type is used for the
element isolation region, a resist of a negative type is used for
the formation of the resist pattern, and when a resist of a
negative type is used for the element isolation region, a resist
ofapositive type is used for the formation of the resist pattern.

20

25

30

35

40

45

50

55

60

65

20

This has an advantage to decrease the fabrication cost because
the exposure mask used in the formation of the element iso-
lation region may also be used in the formation process of this
second resist pattern.

Moreover, because in the second lithography process the
second resist is formed over a step-shaped pattern (hard mask
pattern), it is also possible to use a multi-resist process using
a flat material to even the surface of the resist pattern.

Next, as shown in FIGS. 25A-25C, the isotropy etching is
performed for the intermediate film pattern 36a exposed
through the opening 38a in the second resist pattern 38 by
CDE method and the like using the second resist pattern 38 as
a mask. Then, as shown by the dotted line in FIGS. 25A and
25B, only the intermediate film pattern section 36a is
slimmed through the opening 384 by performing the selective
etching so that the pattern dimension of the intermediate film
pattern section 36a is not more than the limitation of the
lithography resolution (Intermediate film sliming work pro-
cess). In this sliming process, a mixed gas of phloro-carbon
series such as CHF;/O, is used as an etching gas for the
intermediate film pattern section 36a, for example.

Next, as shown in FIGS. 26 A-26C, the underlying film 34,
is etched by the dry-etching such as RIE method and the like
using the intermediate film pattern 36 as a mask and the
poly-silicon film 33 is then etched in order to form a gate
pattern 39 including the gate electrode pattern section 39a and
the wiring pattern section 395 (Gate electrode work process).
Following this process, the gate insulation film 32 is etched.
In this etching process for the intermediate film, a mixed gas
0ofN,0, is used as the etching gas, and a gas of Halogen series
such as Cl,, HBr and the like is used as the etching gas for the
poly-silicon film 33. During the etching to the poly-silicon
film 38, the intermediate film pattern 36 is gradually removed
and finally completely removed.

Next, as shown in FIGS. 27A-27C, the underlying film
pattern 37 is removed by O2 ashing method and the like
(Underlying film remove process). Thereby, a portion, for
example, the gate electrode pattern section 39a of a transistor
in a logical part that should be formed to a fine dimension is
formed to a fine pattern whose dimension is not more than the
limitation of the lithography resolution by performing the
sliming process. Further, a space portion that should be
formed to a fine dimension, for example, the wiring pattern
section 395 (a space section between the gate patterns over
the element isolation portion or a memory cell section) is
formed to a fine dimension, not by performing the sliming
process, that is equal to the limitation of the lithography
resolution.

After those processes described above, although the fol-
lowing doping process is not shown, an impurity is doped into
the silicon substrate 31 using the gate electrode pattern sec-
tion 39a as a mask in order to form the source-drain diffusion
layer (designated by the dotted lines, see FIG. 27B) of the
MOS transistor. After this process, the known layer insulation
film formation process and the known wiring process are
performed, so that the fabrication of the MOS transistor is
completed.

According to the fourth embodiment, like the third
embodiment, it is possible to form the thin first resist, so that
the accuracy of processing can be increased because the reso-
Iution is increased. This leads to increase the transistor per-
formance.

As described above in detail, according to the first to fourth
embodiments, it is possible to form a fine pattern without
increasing of the chip area, and thereby possible to increase
the performance of transistors in a semiconductor device in
operation speed and the like, because following processes are
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performed: Transferring a resist pattern, whose dimension is
not more than the limitation of the resolution of the exposure
process, to the mask material film or the hard mask material
film; Using the resist pattern, the mask pattern or the selection
area in the hard mask pattern, for example, the gate electrode
pattern section is exposed through an opening section, and the
non-selection region, for example, the wiring pattern section
is covered; and Performing the selective sliming process for
the pattern in the selected area exposed through the opening
section.

Furthermore, because the circuit pattern section over the
element region, for example, the gate electrode pattern is
formed in the dimension width that is not more than the
limitation of the resolution of the exposure process, it is
possible to increase the performance and the like of the tran-
sistors in the semiconductor device.

Fifth Embodiment

Next, a description will be given of the semiconductor
device fabrication method according to the fifth embodiment
with reference to FIG. 28 to FIG. 36. FIG. 28 to FIG. 36 show
plan views and sectional views of process flows in the forma-
tion of a gate layer pattern of a semiconductor integrated
circuit.

In FIG. 28 to FIG. 72, the reference character “STI”” means
the technical term “Shallow Trench Isolation”.

In the fifth embodiment, a gate pattern in a logic gate
section is formed in the semiconductor integrated circuit by a
first exposure process using an alternating phase shift mask
(for example, a Levenson phase-shifting mask), and an ele-
ment isolation section pattern for a DRAM cell section and a
wiring pattern are formed by a second exposure process using
atrim mask. In the processes of the gate pattern and the wiring
pattern, an insulating film as a hard mask material film is
formed between a resist film and a gate electrode material.
Further, a sliming process is performed for the resist pattern in
the logic gate section.

First, as shown in FIG. 28, an element isolation section is
formed over a silicon substrate (a process substrate) 40 by a
thermal oxidation method and the like. A logical gate section
(a first region, for example, a gate region of a transistor), a
DRAM cell region (a second region, for example, a memory
cell section), and an element isolation section (the second
region) made up of SiO, are thereby formed.

Next, a poly-silicon film of a thickness 150-200 nm is
formed as a gate electrode material film 41 that is a work
material film by a low-pressure CVD method and the like.

Next, a SiON film of a thickness 50-100 nm is formed as a
hard mask material film (a first material) 42 over the gate
electrode material film 41 made up ofthe poly-silicon film by
a spatter method and the like. It is possible to use one of or a
combination of Si0,, Si;N,, Al,O;, SiC, acarbon film and the
like instead of SiON as the hard mask material film 42. Also,
bottom anti-reflection coating (BARC) can be combined with
the above hard mask material. By the way, those Al,O;, SiC,
and the carbon film are used as an optical anti-reflection
material film.

Next, a photo resist is coated on the hard mask material film
42 by performing a spin coating and then dried.

Next, a resist pattern is formed over the Logic gate section
by performing a first lithography process (the first exposure
process) using the alternating phase shift mask. This resist
pattern is formed in a dimension of the limitation of the
lithography resolution (Gate resist pattern formation pro-
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cess). In this case, it is possible to apply an anti-reflection
material film of an apply type before the spin coating process
for the resist pattern.

Next, as shown in FIG. 29, the sliming process is per-
formed for the resist pattern in the Logic gate section in order
to form a fine resist pattern (a second resist pattern). It is
preferred to use photo resists of a different tone for the resist
pattern formed over the Logic gate section and the resist
pattern formed over both the DRAM cell section and the
element isolation section. For example, a photo resist of a
negative tone should be used for the Logic gate section when
a photo resist of a positive tone is used for the DRAM cell
section and the element isolation section. On the contrary, a
photo resist of a positive tone should be used for the Logic
gate section when a photo resist of a negative tone is used for
the DRAM cell section and the element isolation section. This
has an advantage to decrease the fabrication cost because the
exposure mask used in the formation of the DRAM cell
section and the element isolation region may also be used in
the formation process of this second resist pattern.

Next, as shown in FIG. 30, a dry etching is performed for
the hard mask material film 42 in the Logic gate section by
RIE (Reactive Ion Etching) method and the like using the
resist pattern as a mask, so that a hard mask pattern (a first
pattern) can be formed (Hard mask material film work pro-
cess). In this hard mask material film work process, a gas of a
phloro-carbon series such as CHF; is used as the etching gas.

Following this process, as shown in FIG. 31, the photo
resist 43 is removed by O, ashing method and the like. The
hard mask pattern (the first pattern) is exposed (Resist remove
process). In the remove process of the photo resist 43, it is
possible to use a wet etching method using a stripper solution
made of a mixed solution of'a hydrogen peroxide solution and
a sulfuric acid or a combination of this mixed solution and
others.

Next, as shown in FIG. 32, using a trim mask, the photo
resist (resist) 44 is applied over the hard mask pattern in the
Logic gate section, and a photo resist pattern (a third resist
pattern) 44 is formed over the DRAM cell section and the
element isolation section by performing a second lithography
process (a second exposure).

Next, as shown in FIG. 33, the dry etching is performed for
the hard mask material film 42 over the DRAM cell section
and the element isolation section by using the photo resist 44
in the Logic gate section as a mask, so that the hard mask
pattern is formed (Hard mask material film work process). In
this hard mask material film work process, a gas of a phloro-
carbon series such as CHF is used as the etching gas.

After this process, as shown in FIG. 34, the photo resist 44
is removed by the ashing method and the like (Resist remove
process). In the remove process of the photo resist 44, it is also
possible to perform the wet etching using a stripper solution
made of a mixed solution of'a hydrogen peroxide solution and
a sulfuric acid or a combination of this mixed solution and
others.

Next, as shown in FIG. 35, the gate electrode material film
41 is etched by RIE method and the like using the pattern of
the hard mask material film 42 as a mask, so that a hard mask
pattern (a second pattern) including a gate electrode pattern
and a wiring pattern is thereby formed. In this process, a gas
of'a phloro-carbon series such as CHF; is used as the etching
gas.

After this process, as shown in FIG. 36, the hard mask
material film 42 as the hard mask pattern is removed by the
wet etching method and the like (Hard mask remove process).
In this etching process, a hot H;PO, is used as the etching
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solution. Thereby, the gate electrode pattern and the wiring
pattern in the semiconductor device can be formed.

As described above, according to the semiconductor
device fabrication method of the fifth embodiment, because it
is possible to form a desired circuit pattern by performing
double lithography processes (as first and second exposure
processes), it is possible to reduce the number of exposure
processes when compared with the semiconductor device
fabrication method of the related art. This can reduce the
semiconductor manufacturing cost.

On the contrary, when the circuit pattern of the semicon-
ductor device is formed by using the process in which the hard
mask material film 42 is not used, the semiconductor device
fabrication method of'the related art must performs following
three exposure processes: a first exposure process for the
Logic gate section by using the alternating phase shift mask;
a second exposure process for the Logic gate section and the
element isolation section by suing a trim mask; and a third
exposure process for the DRAM cell section after the comple-
tion of the sliming process.

In the semiconductor device fabrication method of the fifth
embodiment, it is possible to use one of or a combination of
following materials as the hard mask material film: SiON,
Si;N,, Si0,, Al O;, SiC, and a carbon film. Also, bottom
anti-reflection coating (BARC) can be combined with the
above hard mask material.

Furthermore, it is acceptable to use one of following cases
in the formation of the resist pattern by the first exposure
process using the alternating phase shift mask and the second
exposure process using the trim mask: the resist pattern is
formed directly on the hard mask material film; the resist
pattern is formed over the anti-reflection material film; and
the resist pattern is formed by the multi-layer resist mask
process.

Moreover, the trim mask is a chromium mask or a halftone
mask. It is possible to form a higher-resolution circuit pattern
of the DRAM cell section in the semiconductor device when
the half tone mask is used as the trim mask.

Sixth Embodiment

Next, a description will be given of the semiconductor
device fabrication method according to the sixth embodiment
with reference to FIG. 37 to FIG. 45. FIG. 37 to FIG. 45 show
plan views and sectional views of process flows in the forma-
tion of a gate layer pattern of a semiconductor integrated
circuit.

In the sixth embodiment, a gate pattern in a logic gate
section is formed in, the semiconductor integrated circuit by
a first exposure process using an alternating phase shift mask
(for example, a Levenson phase-shifting mask), and an ele-
ment isolation section pattern for a DRAM cell section and a
wiring pattern are formed by a second exposure process using
atrim mask. In the processes of the gate pattern and the wiring
pattern, an insulating film as a hard mask material film is
formed between a resist film and a gate electrode material.
Further, a sliming process is performed for the pattern of the
hard mask material film. This sliming process in the sixth
embodiment is different from the fifth embodiment.

First, as shown in FIG. 37, an element isolation section is
formed over a silicon substrate (a process substrate) 40 by a
thermal oxidation method and the like. A logical gate section
(a first region, for example, a gate region of a transistor), a
DRAM cell region (a second region, for example, a memory
cell section), and an element isolation section (the second
region) made up of SiO, are thereby formed.
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Next, a poly-silicon film of a thickness 150-200 nm is
formed as a gate electrode material film 41 that is a work
material film by a low-pressure CVD method and the like.

Next, a SiON film of a thickness 50-100 nm is formed as a
hard mask material film (a first material) 42 over the gate
electrode material film 41 made up of the poly-silicon film by
a spatter method and the like. It is possible to use one of or a
combination of Si0,, Si;N,, Al,O5, SiC, a carbon film and the
like instead of SiON as the hard mask material film 42. Also,
bottom anti-reflection coating (BARC) can be combined with
the above hard mask material. By the way, those Al,Oj;, SiC,
and the carbon film are used as an optical anti-reflection
material film.

Next, a photo resist is coated on the hard mask material film
42 by performing a spin coating and then dried.

Next, a resist pattern is formed over the Logic gate section
by performing a first lithography process (the first exposure
process) using the alternating phase shift mask. This resist
pattern is formed in a dimension of the limitation of the
lithography resolution (Gate resist pattern formation pro-
cess). In this case, it is possible to apply an anti-reflection
material film of an apply type before the spin coating process
for the resist pattern.

Next, as shown in FIG. 38, the hard mask material film 42
in the Logic gate section is etched by the dry etching method
such as RIE method and the like using the resist pattern as a
mask, so that the hard mask pattern (a first pattern) is formed
(Hard mask material film work process). In this hard mask
material film work process, a gas of a phloro-carbon series
such as CHF, is used as the etching gas.

Following this process, as shown in FIG. 39, the photo
resist 43 is removed by O, ashing method and the like. The
hard mask pattern (the first pattern) is thereby exposed (Resist
remove process). In the remove process of the photo resist 43,
it is possible to use a wet etching method using a stripper
solution made of a mixed solution of a hydrogen peroxide
solution and a sulfuric acid or a combination of this mixed
solution and others.

Next, as shown in FIG. 40, the sliming process is per-
formed for the pattern of the hard mask material film in the
Logic gate section by the dry etching and the like, so that a
fine hard mask material film pattern (a second pattern) can be
formed.

Next, as shown in FIG. 41, using a trim mask, the photo
resist (resist) 44 is applied on the hard mask pattern in the
Logic gate section, and a photo resist pattern (a second resist
pattern) 44 is formed over the DRAM cell section and the
element isolation section by performing a second lithography
process (a second exposure).

Next, as shown in FIG. 42, the dry etching is performed for
the hard mask material film 42 over the DRAM cell section
and the element isolation section by using the photo resist 44
in the Logic gate section as a mask, so that the hard mask
pattern is formed (Hard mask material film work process). In
this hard mask material film work process, a gas of a phloro-
carbon series such as CHF is used as the etching gas.

After this process, as shown in FIG. 43, the photo resist 44
is removed by the ashing method and the like (Resist remove
process). In the remove process of the photo resist 44, it is also
possible to perform the wet etching using a stripper solution
made of a mixed solution of'a hydrogen peroxide solution and
a sulfuric acid or a combination of this mixed solution and
others.

Next, as shown in FIG. 44, the gate electrode material film
41 is etched by RIE method and the like using the pattern of
the hard mask material film 42 as a mask, so that a hard mask
pattern (a second pattern) including a gate electrode pattern
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and a wiring pattern is thereby formed. In this process, a gas
of a phloro-carbon series such as CHF is used as the etching
gas.

After this process, as shown in FIG. 45, the hard mask
material film 42 as the hard mask pattern is removed by the
wet etching method and the like (Hard mask remove process).
In this etching process, a hot H;PO, is used as the etching
solution. Thereby, the gate electrode pattern and the wiring
pattern in the semiconductor device can be formed.

As described above, according to the semiconductor
device fabrication method of the sixth embodiment, because
it is possible to form a desired circuit pattern by performing
the double lithography processes (as the first and second
exposure processes), it is possible to reduce the number of
exposure processes when compared with the semiconductor
device fabrication method of the related art. This can reduce
the semiconductor manufacturing cost.

On the contrary, when the circuit pattern of the semicon-
ductor device is formed by using the process in which the hard
mask material film 42 is not used, the semiconductor device
fabrication method of'the related art must performs following
three exposure processes: a first exposure process for the
Logic gate section by using the alternating phase shift mask;
a second exposure process for the Logic gate section and the
element isolation section by suing a trim mask; and a third
exposure process for the DRAM cell section after the comple-
tion of the sliming process.

In the semiconductor device fabrication method of the
sixth embodiment, it is possible to use one of or a combina-
tion of following materials as the hard mask material film:
SiON, SizN,, SiO,, Al,O;, SiC, and a carbon film. Also,
bottom anti-reflection coating (BARC) can be combined with
the above hard mask material.

Furthermore, it is acceptable to use one of following cases
in the formation of the resist pattern by the first exposure
process using the alternating phase shift mask and the second
exposure process using the trim mask: the resist pattern is
formed directly on the hard mask material film; the resist
pattern is formed over the anti-reflection material film; and
the resist pattern is formed by the multi layer resist mask
process.

Moreover, the trim mask is a chromium mask or a halftone
mask. It is possible to form a higher-resolution circuit pattern
of the DRAM cell section in the semiconductor device when
the half tone mask is used as the trim mask.

Seventh Embodiment

Next, a description will be given of the semiconductor
device fabrication method according to the seventh embodi-
ment with reference to FIG. 46 to FIG. 53. F1G. 46 to F1IG. 53
show plan views and sectional views of process flows in the
formation of a gate layer pattern of a semiconductor inte-
grated circuit.

In the seventh embodiment, a gate pattern in a logic gate
section is formed in the semiconductor integrated circuit by a
first exposure process using an alternating phase shift mask
(for example, a Levenson phase-shifting mask), and an ele-
ment isolation section pattern for a DRAM cell section and a
wiring pattern are formed by a second exposure process using
atrim mask. In the processes of the gate pattern and the wiring
pattern, an insulating film as a hard mask material film is
formed between a resist film and a gate electrode material.
Further, the seventh embodiment performs no sliming pro-
cess that is different from the fifth, sixth, eighth, and ninth
embodiments.
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First, as shown in FIG. 46, an element isolation section is
formed over a silicon substrate (a process substrate) 40 by a
thermal oxidation method and the like. A logical gate section
(a first region, for example, a gate region of a transistor), a
DRAM cell region (a second region, for example, a memory
cell section), and an element isolation section (the second
region) made up of SiO, are thereby formed.

Next, a poly-silicon film of a thickness 150-200 nm is
formed as a gate electrode material film 41 that is a work
material film by a low-pressure CVD method and the like.

Next, a SiON film of a thickness 50-100 nm is formed as a
hard mask material film (a first material) 42 over the gate
electrode material film 41 made up of the poly-silicon film by
a spatter method and the like. It is possible to use one of or a
combination of Si0,, Si;N,, Al,O5, SiC, a carbon film and the
like instead of SiON as the hard mask material film 42. By the
way, those Al,O;, SiC, and the carbon film are used as an
optical anti-reflection material film.

Next, a photo resist is coated on the hard mask material film
42 by performing a spin coating and then dried.

Next, a resist pattern is formed over the Logic gate section
by performing a first lithography process (the first exposure
process) using the alternating phase shift mask. This resist
pattern is formed in a dimension of the limitation of the
lithography resolution (Gate resist pattern formation pro-
cess). In this case, it is possible to apply an anti-reflection
material film of an apply type before the spin coating process
for the resist pattern.

Next, as shown in FIG. 47, the hard mask material film 42
in the Logic gate section is etched by the dry etching method
such as RIE method and the like using the resist pattern as a
mask, so that the hard mask pattern (a first pattern) is formed
(Hard mask material film work process). In this hard mask
material film work process, a gas of a phloro-carbon series
such as CHF, is used as the etching gas.

Following this process, as shown in FIG. 48, the photo
resist 43 is removed by O, ashing method and the like. The
hard mask pattern (the first pattern) is thereby exposed (Resist
remove process). In the remove process of the photo resist 43,
it is possible to use a wet etching method using a stripper
solution made of a mixed solution of a hydrogen peroxide
solution and a sulfuric acid or a combination of this mixed
solution and others.

Next, as shown in FIG. 49, using a trim mask, the photo
resist (resist) 44 is applied on the hard mask pattern in the
Logic gate section, and a photo resist pattern (a second resist
pattern) 44 is formed over the DRAM cell section and the
element isolation section by performing a second lithography
process (a second exposure).

Next, as shown in FIG. 50, the dry etching is performed for
the hard mask material film 42 over the DRAM cell section
and the element isolation section by using the photo resist 44
in the Logic gate section as a mask, so that the hard mask
pattern (a second pattern) is formed (Hard mask material film
work process). In this hard mask material film work process,
a gas of a phloro-carbon series such as CHF, is used as the
etching gas.

After this process, as shown in FIG. 51, the photo resist 44
is removed by the ashing method and the like (Resist remove
process). In the remove process of the photo resist 44, it is also
possible to perform the wet etching using a stripper solution
made of a mixed solution of'a hydrogen peroxide solution and
a sulfuric acid or a combination of this mixed solution and
others.

Next, as shown in FIG. 52, the gate electrode material film
41 is etched by RIE method and the like using the pattern of
the hard mask material film 42 as a mask, so that a hard mask
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pattern (a second pattern) including a gate electrode pattern
and a wiring pattern is thereby formed. In this process, a gas
of'a phloro-carbon series such as CHF; is used as the etching
gas.

After this process, as shown in FIG. 53, the hard mask
material film 42 as the hard mask pattern is removed by the
wet etching method and the like (Hard mask remove process).
In this etching process, a hot H,PO, is used as the etching
solution. Thereby, the gate electrode pattern and the wiring
pattern in the semiconductor device can be formed.

As described above, according to the semiconductor
device fabrication method of the seventh embodiment,
because it is possible to form a desired circuit pattern by
performing the double lithography processes (as the first and
second exposure processes), it is possible to reduce the num-
ber of exposure processes when compared with the semicon-
ductor device fabrication method of the related art. This can
reduce the semiconductor manufacturing cost.

On the contrary, when the circuit pattern of the semicon-
ductor device is formed by using the process in which the hard
mask material film 42 is not used, the semiconductor device
fabrication method of'the related art must performs following
three exposure processes: a first exposure process for the
Logic gate section by using the alternating phase shift mask;
a second exposure process for the Logic gate section and the
element isolation section by suing a trim mask; and a third
exposure process for the DRAM cell section after the comple-
tion of the sliming process.

In the semiconductor device fabrication method of the
seventh embodiment, it is possible to use one of or a combi-
nation of following materials as the hard mask material film:
SiON, Si;N,, SiO,, Al,O,, SiC, and a carbon film.

Furthermore, it is acceptable to use one of following cases
in the formation of the resist pattern by the first exposure
process using the alternating phase shift mask and the second
exposure process using the trim mask: the resist pattern is
formed directly on the hard mask material film; the resist
pattern is formed over the anti-reflection material film; and
the resist pattern is formed by the multi-layer resist mask
process.

Moreover, the trim mask is a chromium mask or a halftone
mask. It is possible to form a higher-resolution circuit pattern
of the DRAM cell section in the semiconductor device when
the half tone mask is used as the trim mask.

Eighth Embodiment

Next, a description will be given of the semiconductor
device fabrication method according to the eighth embodi-
ment with reference to FIG. 54 to FIG. 63. FIG. 54 to F1G. 63
show plan views and sectional views of process flows in the
formation of a gate layer pattern of a semiconductor inte-
grated circuit.

In the eighth embodiment, a gate pattern in a logic gate
section is formed in the semiconductor integrated circuit by a
first exposure process using an alternating phase shift mask
(for example, a Levenson phase-shifting mask), and an ele-
ment isolation section pattern for a DRAM cell section and a
wiring pattern are formed by a second exposure process using
atrim mask. In the processes of the gate pattern and the wiring
pattern, an insulating film as a hard mask material film is
formed between a resist film and a gate electrode material.
Further, a sliming process is performed for both the resist
pattern and the pattern of the hard mask material film, that is
different from the cases of the fifth, sixth, and seventh
embodiments.
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First, as shown in FIG. 54, an element isolation section is
formed over a silicon substrate (a process substrate) 40 by a
thermal oxidation method and the like. A logical gate section
(a first region, for example, a gate region of a transistor), a
DRAM cell region (a second region, for example, a memory
cell section), and an element isolation section (the second
region) made up of SiO, are thereby formed.

Next, a poly-silicon film of a thickness 150-200 nm is
formed as a gate electrode material film 41 that is a work
material film by a low-pressure CVD method and the like.

Next, a SiON film of a thickness 50-100 nm is formed as a
hard mask material film (a first material) 42 over the gate
electrode material film 41 made up of the poly-silicon film by
a spatter method and the like. It is possible to use one of or a
combination of Si0,, Si;N,, Al,O5, SiC, a carbon film and the
like instead of SiON as the hard mask material film 42. Also,
bottom anti-reflection coating (BARC) can be combined with
the above hard mask material. By the way, those Al,Oj;, SiC,
and the carbon film are used as an optical anti-reflection
material film.

Next, a photo resist is coated over the hard mask material
film 42 by performing a spin coating and then dried.

Next, a resist pattern is formed over the Logic gate section
by performing a first lithography process (the first exposure
process) using the alternating phase shift mask. This resist
pattern is formed in a dimension of the limitation of the
lithography resolution (Gate resist pattern formation pro-
cess). In this case, it is possible to apply an anti-reflection
material film of an apply type before the spin coating process
for the resist pattern.

Next, as shown in FIG. 55, the sliming process is per-
formed for the resist pattern in the Logic gate section in order
to form a fine resist pattern (a second resist pattern). It is
preferred to use photo resists of a different tone for the resist
pattern formed over the Logic gate section and the resist
pattern formed over both the DRAM cell section and the
element isolation section. For example, a photo resist of a
negative tone should be used for the Logic gate section when
a photo resist of a positive tone is used for the DRAM cell
section and the element isolation section. On the contrary, a
photo resist of a positive tone should be used for the Logic
gate section when a photo resist of a negative tone is used for
the DRAM cell section and the element isolation section. This
has an advantage to decrease the fabrication cost because the
exposure mask used in the formation of the DRAM cell
section and the element isolation region may also be used in
the formation process of this second resist pattern.

Next, as shown in FIG. 56, a dry etching is performed for
the hard mask material film 42 in the Logic gate section by
RIE method and the like using the resist pattern as a mask, so
that a hard mask pattern (a first pattern) can be formed (Hard
mask material film work process). In this hard mask material
film work process, a gas of a phloro-carbon series such as
CHEF, is used as the etching gas.

Following this process, as shown in FIG. 57, the photo
resist 43 is removed by O, ashing method and the like. The
hard mask pattern (the first pattern) is exposed (Resist remove
process). In the remove process of the photo resist 43, it is
possible to use a wet etching method using a stripper solution
made of a mixed solution of'a hydrogen peroxide solution and
a sulfuric acid or a combination of this mixed solution and
others.

Next, as shown in FIG. 58, the sliming process is per-
formed for the pattern of the hard mask material film in the
Logic gate section by the dry etching and the like, so that a
fine hard mask material film pattern (a second pattern) can be
formed.
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Next, as shown in FIG. 59, using a trim mask, the photo
resist (resist) 44 is applied on the hard mask pattern in the
Logic gate section, and a photo resist pattern (a third resist
pattern) 44 is formed over the DRAM cell section and the
element isolation section by performing a second lithography
process (a second exposure).

Next, as shown in FIG. 60, the dry etching is performed for
the hard mask material film 42 over the DRAM cell section
and the element isolation section by using the photo resist 44
in the Logic gate section as a mask, so that the hard mask
pattern is formed (Hard mask material film work process). In
this hard mask material film work process, a gas of a phloro-
carbon series such as CHF; is used as the etching gas.

After this process, as shown in FIG. 61, the photo resist 44
is removed by the ashing method and the like (Resist remove
process). In the remove process of the photo resist 44, it is also
possible to perform the wet etching using a stripper solution
made of amixed solution of a hydrogen peroxide solution and
a sulfuric acid or a combination of this mixed solution and
others.

Next, as shown in FIG. 62, the gate electrode material film
41 is etched by RIE method and the like using the pattern of
the hard mask material film 42 as a mask, so that a hard mask
pattern (a second pattern) including a gate electrode pattern
and a wiring pattern is thereby formed. In this process, a gas
of'a phloro-carbon series such as CHF; is used as the etching
gas.

After this process, as shown in FIG. 63, the hard mask
material film 42 as the hard mask pattern is removed by the
wet etching method and the like (Hard mask remove process).
In this etching process, a hot H;PO, is used as the etching
solution. Thereby, the gate electrode pattern and the wiring
pattern in the semiconductor device can be formed.

As described above, according to the semiconductor
device fabrication method of the eighth embodiment, because
it is possible to form a desired circuit pattern by performing
the double lithography processes (as the first and second
exposure processes), it is possible to reduce the number of
exposure processes when compared with the semiconductor
device fabrication method of the related art. This can reduce
the semiconductor manufacturing cost.

On the contrary, when the circuit pattern of the semicon-
ductor device is formed by using the process in which the hard
mask material film 42 is not used, the semiconductor device
fabrication method of'the related art must performs following
three exposure processes: a first exposure process for the
Logic gate section by using the alternating phase shift mask;
a second exposure process for the Logic gate section and the
element isolation section by suing a trim mask; and a third
exposure process for the DRAM cell section after the comple-
tion of the sliming process.

In the semiconductor device fabrication method of the
eighth embodiment, it is possible to use one of or a combina-
tion of following materials as the hard mask material film:
SiON, Si;N,, SiO,, Al,O;, SiC, and a carbon film.

Furthermore, it is acceptable to use one of following cases
in the formation of the resist pattern by the first exposure
process using the alternating phase shift mask and the second
exposure process using the trim mask: the resist pattern is
formed directly on the hard mask material film; the resist
pattern is formed over the anti-reflection material film; and
the resist pattern is formed by the multi-layer resist mask
process.

Moreover, the trim mask is a chromium mask or a halftone
mask. It is possible to form a higher-resolution circuit pattern
of the DRAM cell section in the semiconductor device when
the half tone mask is used as the trim mask.
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Ninth Embodiment

Next, a description will be given of the semiconductor
device fabrication method according to the ninth embodiment
with reference to FIG. 64 to FIG. 72. FIG. 64 to FIG. 72 show
plan views and sectional views of process flows in the forma-
tion of a gate layer pattern of a semiconductor integrated
circuit.

In the ninth embodiment, a gate pattern and a dummy
pattern are formed in a logic gate section in the semiconductor
integrated circuit by a first exposure process using an alter-
nating phase shift mask (for example, a Levenson phase-
shifting mask), and the dummy pattern is removed and an
element isolation section pattern fora DRAM cell section and
a wiring pattern are formed by a second exposure process
using a trim mask. In the processes of the gate pattern and the
wiring pattern, an insulating film as a hard mask material film
is formed between a resist film and a gate electrode material.
Further, a sliming process is performed for the resist pattern
including the dummy pattern in the logic gate section.

First, as shown in FIG. 64, an element isolation section is
formed over a silicon substrate (a process substrate) 40 by a
thermal oxidation method and the like. A logical gate section
(a first region, for example, a gate region of a transistor), a
DRAM cell region (a second region, for example, a memory
cell section), and an element isolation section (the second
region) made up of SiO, are thereby formed.

Next, a poly-silicon film of a thickness 150-200 nm is
formed as a gate electrode material film 41 that is a work
material film by a low-pressure CVD method and the like.

Next, a SiON film of a thickness 50-100 nm is formed as a
hard mask material film (a first material) 42 over the gate
electrode material film 41 made up of the poly-silicon film by
a spatter method and the like. It is possible to use one of or a
combination of Si0,, Si;N,,, Al,O;, SiC, a carbon film and the
like instead of SiON as the hard mask material film 42. Also,
bottom anti-reflection coating (BARC) can be combined with
the above hard mask material. By the way, those Al,Oj;, SiC,
and the carbon film are used as an optical anti-reflection
material film.

Next, a photo resist is coated on the hard mask material film
42 by performing a spin coating and then dried. A dummy
pattern 45 is formed simultaneously during the formation of
the gate pattern because a density of the gate pattern in the
Logic gate section is rough in the case of the ninth embodi-
ment.

Next, a resist pattern is formed over the Logic gate section
by performing a first lithography process (the first exposure
process) using the alternating phase shift mask. This resist
pattern is formed in a dimension of the limitation of the
lithography resolution (Gate resist pattern formation pro-
cess). In this case, it is possible to apply an anti-reflection
material film of an apply type before the spin coating process
for the resist pattern.

Next, as shown in FIG. 65, the sliming process is per-
formed for the resist pattern 43 and the dummy pattern 45 in
the Logic gate section in order to form a fine resist pattern. It
is preferred to use photo resists of a different tone for the
dummy pattern and the resist pattern formed over the Logic
gate section and the resist pattern formed over both the
DRAM cell section and the element isolation section. For
example, a photo resist of a negative tone should be used for
the Logic gate section when a photo resist of a positive tone is
used for the DRAM cell section and the element isolation
section. On the contrary, a photo resist of a positive tone
should be used for the Logic gate section when a photo resist
of a negative tone is used for the DRAM cell section and the
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element isolation section. This has an advantage to decrease
the fabrication cost because the exposure mask used in the
formation of the DRAM cell section and the element isolation
region may also be used in the formation process of this
second resist pattern.

Next, as shown in FIG. 66, a dry etching is performed for
the hard mask material film 42 in the Logic gate section by
RIE method and the like using the resist pattern 43 and the
dummy pattern 45 in the Logic gate section as a mask, so that
ahard mask pattern (a first pattern) can be formed (Hard mask
material film work process). In this hard mask material film
work process, a gas of a phloro-carbon series such as CHF; is
used as the etching gas.

Following this process, as shown in FIG. 67, the pattern of
the photo resist 43 and the dummy pattern 45 are removed by
O, ashing method and the like. The hard mask pattern (the
first pattern) is thereby exposed (Resist remove process). In
the remove process of the pattern of the photo resist 43 and the
dummy pattern 45, it is possible to use a wet etching method
using a stripper solution made of a mixed solution of a hydro-
gen peroxide solution and a sulfuric acid or a combination of
this mixed solution and others.

Next, as shown in FIG. 68, using a trim mask, the photo
resist (resist) 44 is applied on the hard mask pattern in the
Logic gate section. In this case, no photo resist is applied on
the part of the hard mask pattern corresponding to the dummy
pattern 45 that has been removed. The photo resist pattern 44
is formed over the DRAM cell section and the element isola-
tion section by performing a second lithography process (a
second exposure).

Next, as shown in FIG. 69, the dry etching is performed for
the hard mask material film 42 over the DRAM cell section
and the element isolation section by using the photo resist 44
in the Logic gate section as a mask, so that the hard mask
pattern is formed (Hard mask material film work process). In
this hard mask material film work process, a gas of a phloro-
carbon series such as CHF; is used as the etching gas.

After this process, as shown in FIG. 70, the photo resist 44
is removed by the ashing method and the like (Resist remove
process). In the remove process of the photo resist 44, it is also
possible to perform the wet etching using a stripper solution
made of amixed solution of a hydrogen peroxide solution and
a sulfuric acid or a combination of this mixed solution and
others.

Next, as shown in FIG. 71, the gate electrode material film
41 is etched by RIE method and the like using the pattern of
the hard mask material film 42 as a mask, so that a hard mask
pattern (a second pattern) including a gate electrode pattern
and a wiring pattern is thereby formed. In this process, a gas
of'a phloro-carbon series such as CHF; is used as the etching
gas.

After this process, as shown in FIG. 72, the hard mask
material film 42 as the hard mask pattern is removed by the
wet etching method and the like (Hard mask remove process).
In this etching process, a hot H;PO, is used as the etching
solution. Thereby, the gate electrode pattern and the wiring
pattern in the semiconductor device can be formed.

As described above, according to the semiconductor
device fabrication method of the eighth embodiment, because
it is possible to form a desired circuit pattern by performing
the double lithography processes (as the first and second
exposure processes), it is possible to reduce the number of
exposure processes when compared with the semiconductor
device fabrication method of the related art. This can reduce
the semiconductor manufacturing cost. In addition, in the
semiconductor device fabrication method of the ninth
embodiment in which the resist pattern of a high density
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including the dummy pattern in the logic gate section, it is
possible to increase the accuracy of a dimension by the expan-
sion of a focus margin and by the decreasing of the aberration
during the exposure.

On the contrary, when the circuit pattern of the semicon-
ductor device is formed by using the process in which the hard
mask material film 42 is not used, the semiconductor device
fabrication method of'the related art must performs following
three exposure processes: a first exposure process for the
Logic gate section by using the alternating phase: shift mask;
a second exposure process for the Logic gate section and the
element isolation section by suing a trim mask; and a third
exposure process for the DRAM cell section after the comple-
tion of the sliming process.

In the semiconductor device fabrication method of the
ninth embodiment, it is possible to use one of or a combina-
tion of following materials as the hard mask material film:
SiON, Si;N,, SiO,, Al,O;, SiC, and a carbon film.

Furthermore, it is acceptable to use one of following cases
in the formation of the resist pattern by the first exposure
process using the alternating phase shift mask and the second
exposure process using the trim mask: the resist pattern is
formed directly over the hard mask material film; the resist
pattern is formed over the anti-reflection material film; and
the resist pattern is formed by the multi-layer resist mask
process.

Moreover, the trim mask is a chromium mask or a half tone
mask. Itis possible to form a higher-resolution circuit pattern
of the DRAM cell section in the semiconductor device when
the half tone mask is used as the trim mask.

As described above in detail, according to the semiconduc-
tor device fabrication method of the fifth to ninth embodi-
ments, because the desired circuit pattern can be formed over
the work substrate (the silicon substrate) using a first material
(the mask material film), for example, the hard mask material
film, by performing only double lithography processes (first
and second exposure processes), it is possible to reduce the
number of the exposure processes when compared with the
semiconductor device fabrication method of the related art,
and thereby to reduce the semiconductor device fabrication
cost.

Thus, according to the semiconductor device fabrication
method of the fifth to ninth embodiments, it is possible to
provide a semiconductor device having a high performance
and a reduced a chip area thereof. Further, it is possible to
manufacture semiconductor devices with a low manufactur-
ing cost because the semiconductor fabrication cost of the
embodiments can reduce the number of exposure processes.
Moreover it is possible to provide the semiconductor device
of a high performance in operation speed and the like by the
semiconductor device fabrication method according to the
embodiments.

Tenth Embodiment

Hereinafter, a description will be given of the semiconduc-
tor device fabrication method according to the tenth embodi-
ment.

Tenth embodiment relates to a formation of a gate layer
pattern in an integrated circuit (IC) in which a memory circuit
region and a logic circuit region are mixed. In the tenth
embodiment, a narrow space pattern is formed for the
memory circuit region without performing the sliming pro-
cess, and the narrow line pattern is formed in the logic circuit
region by use of the sliming process.

FIG. 73 is a schematic diagram of an integrated circuit
according to the tenth embodiment. As shown in FIG. 73, the
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memory region 51 is separated from the logic region 52
through an element isolation region 53. For example, a
dynamic random access memory (DRAM), a static random
access memory (SRAM), an electrically erasable/program-
mable read only memory (EEPROM, such as a flash
memory), and the like are arranged in the memory region 51,
and, various logic circuits are arranged in the logic region 52.

A description will be given of concrete examples of the first
embodiment.

First Example

FIG. 74 to FIG. 80 are sectional view of a manufacturing
process of a gate layer (gate electrodes and gate wirings)
according to the first example of the first embodiment.

Firstly, as shown in FIG. 74, a gate material film 61, for
example, a poly-silicon film is formed over a semiconductor
substrate having a memory circuit formation region 11, a
logic circuit formation region 12, and an element isolation
region 13 (whose isolation width is approximately several ten
um). A resist film is then formed over the gate material film
21.

Following this process, a pattern is transferred onto the
resist film using an exposure mask, and the resist film is
developed in order to form resist patterns 62a and 625. This
resist pattern 625 covers (or protects) the region where at least
the gate pattern in the logic region 52 will be arranged.

Atthis time, in order to certainly protect the logic region 52
from a position-mismatching during a pattern exposure or
from a variation of a dimension of the resist pattern caused by
variations in the fabrication processes such as an operation of
an exposure device, a state of an underlying substrate, and the
like, the end portion of the resist pattern 625 is formed over
the element isolation region 53. By the way, the exposure
mask used in this exposure process has been treated by an
optical proximity correction (OPC) so that the gate pattern is
formed ina desired dimension over the wafer in consideration
of the effect of the pattern arrangement around of the space
between gate patterns and around the gate patterns.

Following this process, as shown in FIG. 75, the gate
material film 61 is etched using the resist patterns 62a and 626
as a mask, so that the gate material pattern 61a (gate pattern)
and the gate material film pattern 6215 are formed. Further, as
shown in FIG. 76, the resist patterns 62a and 624 are then
removed.

Next, as shown in FIG. 77, after the resist covers the entire
area of the gate layer, a pattern is transferred to the resist film
using an exposure mask, and the obtained resist pattern is then
developed, so that the resist patterns 63a and 635 are formed.
This resist pattern 635 will be used for formation the gate
pattern in the logic region 52 and the resist pattern 63a covers
(protects) the region in which at least the gate pattern in the
memory region 51 is formed.

At this time, in order to certainly protect the memory
region 52 from a position-mismatching during a pattern expo-
sure or from a variation of a dimension of the resist pattern
caused by variations in the fabrication processes such as an
operation of an exposure device, a state of an underlying
substrate, and the like, the end portion of the resist pattern 63a
is formed over the element isolation region 53. In addition, in
order to eliminate the unnecessary gate material film from the
element isolation region 53, the end portion of the resist
pattern 63a is separated in position from the end portion of the
gate material film pattern 615. In other words, this process
uses the exposure mask that is so designed that the end portion
of'the resist pattern 634 is not overlapped to the end portion of
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the resist pattern 6256 formed by the process shown in FIG. 74,
even if a variation of the dimension occurs by fluctuation in
the process.

In addition, the exposure mask used in this exposure pro-
cess, like the mask used in the process in FIG. 74, may be
treated by the optical proximity correction (OPC). Further, it
is possible to use a multi-layer resist film as the resist film
used in this exposure process. This multi-layer resist film is
made up of a laminated layer made up of upper layer resist
and an underlying resist. The exposure pattern is transferred
onto the upper layer resist. The underlying resist has a pla-
narization function, an anti-etching function, and an optical
anti-reflection function. This planarization function is to
plane the uneven surface based on the underlying pattern.

Next, as shown in FIG. 78, the resist patterns 63« and 636
are etched in order to form the resist patterns 63¢ and 634,
respectively. The resist pattern in the logic region 52 is
slimmed (or trimmed) by this etching process.

Following this process, as shown in FIG. 79, the gate
material film is etched using the resist patterns 63¢ and 634 as
amask, so that the gate material film pattern 614 (gate pattern)
is formed. Further, as shown in FIG. 80, the resist pattern 63¢
and 634 are removed.

As described above, according to the first example of the
tenth embodiment, it is possible to form the gate pattern in the
logic region whose dimension is not more than the limitation
of'the lithography process by performing the sliming process,
and also possible to form the gate pattern in the memory
region in a narrow space width because the sliming process
does not affect this gate pattern in the memory region.

Second Example

FIG. 81 to FIG. 87 are sectional view of a manufacturing
process of a gate layer (gate electrodes and gate wirings)
according to the second example of the tenth embodiment.

In the first example of the tenth embodiment described
above, the gate pattern is firstly formed in the memory region
and the gate pattern is then formed in the logic region. On the
contrary, in this second example of the tenth embodiment, the
gate pattern is firstly formed in the logic region and the gate
pattern is then formed in the memory region.

Firstly, as shown in FIG. 81, like the first example, a gate
material film 71, for example, a poly-silicon film is formed
over a work substrate and a resist film is further formed over
the gate material film 71. Following this process, a pattern is
transferred onto the resist film using an exposure mask and
the resist film is developed in order to form resist patterns 72a
and 72b. The resist pattern 725 is used for formation of the
gate pattern in the logic region 52. This resist pattern 72a
covers (or protects) the region where at least the gate pattern
in the memory region 51 will be arranged.

At this time, in order to certainly protect the memory
region 51 from a position-mismatching during a pattern expo-
sure or from a variation of a dimension of the resist pattern
caused by variations in the fabrication processes such as an
operation of an exposure device, a state of an underlying
substrate, and the like, the end portion of the resist pattern 72a
is formed over the element isolation region 53. By the way,
like the first example, the exposure mask used in the exposure
process has been treated by the optical proximity correction
(OPO).

Next, as shown in FIG. 82, the resist patterns 72a and 726
are etched in order to form the resist pattern 72¢ and 72d. By
performing this etching process, the resist pattern in the logic
region 52 is slimmed (trimmed).
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Next, as shown in FIG. 83, the gate material film 71 is
etched using the resist patterns 72¢ and 72d as a mask, so that
the gate material film pattern 71a and the gate material film
pattern 715 (gate pattern) are formed. Furthermore, as shown
in FIG. 84, the resist patterns 72a and 725 are then removed.

Next, as shown in FIG. 85, after the resist covers the entire
area of the gate layer, a pattern is transferred to the resist film
using an exposure mask, and the obtained resist pattern is then
developed, so that the resist patterns 73a and 735 are formed.
This resist pattern 73a will be used for the formation the gate
pattern in the memory region 51 and the resist pattern 736
covers (protects) the region in which at least the gate pattern
in the logic region 52 is formed.

Atthis time, in order to certainly protect the logic region 51
from a position-mismatching during a pattern exposure or
from a variation of a dimension of the resist pattern caused by
variations in the fabrication processes such as an operation of
an exposure device, a state of an underlying substrate, and the
like, the end portion of the resist pattern 735 is formed over
the element isolation region 53. In addition, in order to elimi-
nate the unnecessary gate material film from the element
isolation region 53, the end portion of the resist pattern 735 is
separated in position from the end portion of the gate material
film pattern 7154. In other words, this process uses the expo-
sure mask that is so designed that the end portion of the resist
pattern 73a is not overlapped to the end portion of the resist
pattern 7256 formed by the process shown in FIG. 81 evenif a
variation of the dimension occurs by fluctuation in the pro-
cess.

In addition, the exposure mask used in this exposure pro-
cess, like the mask used in the first example, may be treated by
the optical proximity correction (OPC). Further, it is possible
to use a multi-layer resist film as the resist film used in this
exposure process. This multi-layer resist film is made up of a
laminated layer made up of an upper layer resist and an
underlying resist. The exposure pattern is transferred onto the
upper layer resist. The underlying resist has a planarization
function, an anti-etching function, and an optical anti-reflec-
tion function. This planarization function is to plane the
uneven surface based on the underlying pattern.

Next, as shown in FIG. 86, the gate material film is etched
using the resist patterns 73a and 735 as a mask, so that the gate
material film pattern 71c (gate pattern) is formed. Further, as
shown in FIG. 87, the resist pattern 73a and 735 are removed.

As described above, like the first example of the tenth
embodiment, it is possible to form the gate pattern in the logic
region whose dimension is not more than the limitation of the
lithography process by performing the sliming process, and
also possible to form the gate pattern in the memory region in
a narrow space width because the sliming process does not
affect this gate pattern in the memory region.

First Modification Example

FIG. 88 to FIG. 94 are sectional views of a manufacturing
process of a gate layer according to the first modification
example of the tenth embodiment. The basic process in the
first modification example is the same as that of the first
example of the tenth embodiment shown in FIG. 74 to FIG.
80. Accordingly, the same components shown in FIG. 88 to
FIG. 94 corresponding to the elements used in FIG. 74 to FIG.
80 will be referred with the same characters and numbers, and
the detailed explanation is omitted here.

In the process in the first example shown in FI1G. 77, the end
portion of the resist pattern 63a is separated in position from
the end portion of the gate material film pattern 615. On the
contrary, in the first modification example, in the process
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shown in FIG. 91, the end portion of the resist pattern 63a is
overlapped to the end portion of the gate material film pattern
615. In other word, the exposure mask is used so that the end
portion of the resist pattern 63a is overlapped to the end
portion of the resist pattern 626 formed in the process shown
in FIG. 88 in consideration of a variation of the dimension
caused by fluctuation in the process.

By using this mask pattern, it is possible to protect the
element isolation region 53 from the etching for the gate
material film performed in the process shown in FIG. 93.

Second Modification Example

FIG. 95 to FIG. 101 are sectional views of a manufacturing
process of a gate layer according to the second modification
example of the tenth embodiment. The basic process in the
second modification example is the same as that of the second
example of the tenth embodiment shown in FIG. 81 to FIG.
87. Accordingly, the same components shown in FIG. 95 to
FIG. 101 corresponding to the elements used in FIG. 81 to
FIG. 87 will be referred with the same characters and num-
bers, and the detailed explanation is omitted here.

In the process shown in FIG. 85 in the second example of
the tenth embodiment, the end portion of the resist pattern 735
is separated in position from the end portion of the gate
material film pattern 71a. On the contrary, in the second
modification example, in the process shown in FIG. 99, the
end portion of the resist pattern 735 is overlapped to the end
portion of the gate material film pattern 71a. In other word,
the exposure mask is used so that the end portion of the resist
pattern 735 is overlapped to the end portion of the resist
pattern 72a formed in the process shown in FIG. 95 in con-
sideration of a variation of the dimension caused by fluctua-
tion in the process.

By using such a mask pattern, it is possible to protect the
element isolation region 53 from the etching for the gate
material film performed in the process shown in FIG. 97.

Eleventh Embodiment

Hereinafter, a description will be given to the eleventh
embodiment.

The eleventh embodiment relates to a case that is applied to
aformation of a gate layer pattern in an integrated circuit (IC)
having an element region in which metal oxide semiconduc-
tor (MOS) transistors and the like are formed and an isolation
region around the element region.

In the eleventh embodiment, gate electrodes are formed in
the element region by performing a sliming process and gate
wirings are formed in the element isolation region without
performing the sliming process.

A description will be given of concrete examples of the
eleventh embodiment.

First Example

FIGS. 102A-102C to FIGS. 108A-108C are diagrams
showing a manufacturing process of a gate layer (gate elec-
trode and gate wiring) according to the first example of the
eleventh embodiment. In those diagrams, each of FIGS.
102A, 103A, 104A, 105A, 106 A, 107A, and 108A shows a
plan pattern, and each of FIGS. 102B, 103B, 104B, 105B;
106B, 107B, and 108B shows a sectional view of line B-B',
and each of FIGS.102C,103C, 104C,105C,106C, 107C, and
108C shows a sectional view of line C-C'.

First, as shown in FIGS. 102A-102C, a gate material film
91, for example, a poly-silicon film is formed over a semi-
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conductor substrate having an element region 81 and an ele-
ment isolation region 82. Then, aresist film is formed over the
gate material film 91. Following this process, a pattern is
transferred onto the resist film using an exposure mask, and
the resist film is developed in order to form a resist pattern 92.
By this resist pattern 92, a gate pattern (gate electrode pattern)
is formed in the element region 81 and covers (or protects) at
least a region in which a gate pattern will be arranged in the
element isolation region 82. By the way, although FIG. 102A
omits the resist pattern 92 over the element isolation region 82
for brevity, in actual cases, the resist pattern 92 is also formed
toward outside (this can be applied to other diagrams in the
eleventh embodiment) of the element isolation region 82.

In this lithography process, in order to prevent the forma-
tion of a gate pattern in the area other than the element region
81 by a position-mismatching or by a variation in the fabri-
cation processes such as an operation of an exposure device,
a state of an underlying substrate, and the like, the end portion
of the resist pattern 92 is formed outside from the element
region 81. In other words, the exposure process uses the
exposure mask that has been so designed that the end portion
of the resist pattern 92 is shifted (for example, by approxi-
mately several ten nm) toward the direction of the element
isolation region 82 from the boundary portion of the element
isolation region 82.

By the way, like the cases of the tenth embodiment, the
exposure mask used in the exposure process has been treated
by the optical proximity correction (OPC) so that the gate
pattern is formed in a desired dimension over the wafer.

Next, as shown in FIGS. 103A-103C, the resist pattern 92
is slimmed by performing the etching (sliming process) in
order to form a resist pattern 92a. Following this sliming
process, as shown in FIGS. 104A-104C, the gate material film
91 is etched using the resist pattern 92a as a mask in order to
form a gate material film pattern 91a. Further, as shown in
FIGS. 105A-105C, the resist pattern 92q is then removed.

Next, as shown in FIGS. 106 A-106C, after a resist film is
applied onto the entire surface, a pattern is transferred onto
this resist film using the exposure mask. The resist film is then
developed in order to form a resist pattern 93. This resist
pattern 93 will form the gate pattern (gate wiring pattern) in
the element isolation region 82 and covers (or protects) the
entire of the element region 81.

Atthis time, in order to certainly protect the element region
81 from a position-mismatching during a pattern exposure or
from a variation of a dimension of the resist pattern caused by
variations in the fabrication processes such as an operation of
an exposure device, a state of an underlying substrate, and the
like, the end portion of the resist pattern 93 is so formed in the
boundary portion of the element region 81 and the element
isolation region 82 that the end portion of the resist pattern 63
is positioned at the outside of the element region 91. In other
words, the exposure process uses the exposure mask that has
been so designed that the end portion of the resist pattern 93
is shifted (for example, by approximately several ten nm)
toward the direction of the element isolation region 82 from
the boundary portion of the element isolation region 82. Fur-
ther, in order to eliminate the unnecessary gate material film
from the element isolation region 82, the exposure process
uses the exposure mask that has been designed so that the end
portion of the resist pattern 93 is inside (element region 81
side) in position form the end portion of the resist pattern 92
shown in FIGS. 102A-102C in the boundary portion of the
element region 81 and the element isolation region 82.

In addition, like the cases of the tenth embodiment, the
exposure mask used in this exposure process has been treated
by the optical proximity correction (OPC) so that the gate
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pattern is formed over the wafer with a desired dimension.
Moreover, it is possible to use a multi-layer resist film as the
resist film used in this exposure process, like the cases in the
first embodiment described above.

Next, as shown in FIGS. 107A-107C, the gate material film
is etched using the resist pattern 93 as a mask, so that the gate
material film pattern 9156 is formed. Further, as shown in
FIGS. 108A-108C, the resist pattern 93 is removed.

As described above, according to the eleventh embodi-
ment, it is possible to form the gate pattern in the element
region whose dimension is not more than the limitation of the
lithography process by performing the sliming process, and
also possible to form the gate pattern in the element isolation
region with a narrow space pattern because the sliming pro-
cess does not affect the gate pattern in the element isolation
region.

Second Example

FIGS. 109A-109C to FIGS. 115A-115C are diagrams
showing a manufacturing process of a gate layer (gate elec-
trode and gate wiring) according to the second example of the
eleventh embodiment. In those diagrams, each of FIGS.
109A, 110A, 111A, 112A, 113A, 114A, and 115A shows a
plan pattern, and each of FIGS. 109B, 110B, 111B, 112B,
113B, 114B, and 115B shows a sectional view of line B-B',
and each of FIGS.109C,110C, 111C,112C, 113C, 114C, and
115C shows a sectional view of line C-C'.

In the first example of the eleventh embodiment described
above, a gate pattern is firstly formed in the element region
and a gate pattern is then formed in the element isolation
region. On the contrary, in this second example, a gate pattern
is firstly formed in the element isolation region and a gate
pattern is then formed in the element region. First, as shown
in FIGS. 109A-109C, like the first example of the eleventh
embodiment, a gate material film 101, for example, a poly-
silicon film is formed over a semiconductor substrate having
an element region 81 and an element isolation region 82.
Then, a resist film is formed over the gate material film 101.
Following this process, a pattern is transferred onto the resist
film using an exposure mask, and the resist film is developed
in order to form a resist pattern 102. By this resist pattern 102,
a gate pattern (gate wiring pattern) is formed in the element
isolation region 82 and covers (or protects) the entire area of
the element region 81.

At this time, in order to certainly form the element region
81, the end portion of the resist pattern 102 is so formed that
the end portion of the resist pattern 102 is outside in position
of'the element region 81. In other word, the exposure process
uses the exposure mask that has been so designed that the end
portion of the resist pattern 102 is shifted (for example, by
approximately several ten nm) toward the direction of the
element isolation region 82 from the boundary portion of the
element isolation region 82. By the way, like the cases of the
tenth embodiment, the exposure mask used in the exposure
process has been treated by the optical proximity correction
(OPC) so that the gate pattern is formed over the wafer with a
desired dimension.

Next, as shown in FIGS. 110A-110C, the gate material film
is etched using the resist pattern 102 as a mask in order to form
a gate material film pattern 101q. Further, as shown in FIGS.
111A-111C, the resist pattern 102a is then removed.

Next, as shown in FIGS. 111A-111C, after a resist film is
applied onto the entire surface, a pattern is transferred onto
this resist film using the exposure mask. The resist film is then
developed in order to form a resist pattern 103. This resist
pattern 103 will form the gate pattern (gate wiring pattern) in
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the element isolation region 82 and covers (or protects) the
entire of the element region 81.

Atthis time, in order to certainly protect the element region
81 from a position-mismatching during a pattern exposure or
from a variation of a dimension of the resist pattern caused by
variations in the fabrication processes such as an operation of
an exposure device, a state of an underlying substrate, and the
like, the end portion of the resist pattern 103 is so formed in
the boundary portion of the element region 81 and the element
isolation region 82 that the end portion of the resist pattern
103 is positioned at the outside of the element region 81. In
other words, the exposure process uses the exposure mask
that has been so designed that the end portion of the resist
pattern 103 is shifted (for example, by approximately several
ten nm) toward the direction of the element isolation region
82 from the boundary portion of the element isolation region
82. Further, in order to eliminate the unnecessary gate mate-
rial film from the element isolation region 82, the exposure
process uses the exposure mask that has been designed so that
the end portion of the resist pattern 103 is inside (element
region 81 side) in position form the end portion of the resist
pattern 102 shown in FIGS. 109A-109C in the boundary
portion of the element region 81 and the element isolation
region 82.

In addition, like the cases of the tenth embodiment, the
exposure mask used in this exposure process has been treated
by the optical proximity correction (OPC) so that the gate
pattern is formed over the wafer with a desired dimension.
Moreover, it is possible to use a multi-layer resist film as the
resist film used in this exposure process, like the cases in the
tenth embodiment described above.

Next, as shown in FIGS. 113A-113C, the resist pattern 103
is slimed by performing the etching process (namely, the
sliming process) in order to form the resist pattern 103a.

Following this process, as shown in FIGS. 114A-114C, the
gate material film is etched using the resist pattern 103 as a
mask, so that the gate material film pattern 1015 is formed.
Further, as shown in FIGS. 115A-115C, the resist pattern 103
is removed.

As described above, according to the second example of
the eleventh embodiment, like the first example, it is possible
to form the gate pattern in the element region whose dimen-
sion is not more than the limitation of the lithography process
by performing the sliming process, and also possible to form
the gate pattern in the element isolation region with a narrow
space pattern because the sliming process does not affect the
gate pattern in the element isolation region.

As described above in detail, in both the tenth and eleventh
embodiments, it is possible to form two-parts, performed and
not performed by the sliming process, in a same layer, and to
obtain the entire area in the same layer with desired pattern
dimensions.

That is, in those embodiments, when a circuit pattern is
formed in a specified area, the non-specified area is covered
with a resist, and on the contrary, when a circuit pattern is
formed in the non-specified area, the specified area is covered
with a resist. Thereby, the execution of the sliming process
does not affect the dimension of the circuit pattern in the
non-specified area during the sliming process to slim the
circuit pattern in the specified area. Therefore it is possible to
form both the patterns, performed and not performed by the
sliming process, with desired circuit pattern dimensions.

Twelfth Embodiment

FIGS. 116A to 116F are sectional views showing a semi-
conductor device fabrication method of the twelfth embodi-
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ment, in actual, showing fabrication processes in a gate layer
pattern (gate electrode pattern and a gate wiring pattern)
fabrication method of MOS transistors in the semiconductor
device fabrication method.

First, as shown in FIG. 116A, a gate insulation film (for
example, silicon oxide film of approximately 1-3 nm thick-
ness) 112 and a gate material film (for example, a poly-silicon
film of approximately 150-200 nm thickness) 113 are formed
over a semiconductor substrate 111, and further, a hard mask
material film 114 (approximately, 50-100 nm thickness) is
formed over the gate material film 113. In this case, a SION
film is used as the hard mask material film 114.

Following this process, a resist film (a thin film resist of
approximately 200-300 nm thickness) is applied over the hard
mask material film 114. The resist film is then exposed and
developed by a usual lithography process in order to form a
resist pattern 115. This resist pattern 115 also includes a
dummy pattern in addition to a large scale integration (LSI)
circuit pattern (here, the gate electrode pattern and the gate
wiring pattern that will be finally required for use).

The use of the dummy pattern can substantially make a
uniform pattern density of the resist pattern 115 over the
entire area (LLSI formation region) of the semiconductor sub-
strate 111. In this case, each of the line width and the space
width of the resist pattern 115 is approximately 100 nm, for
example.

Next, as shown in FIG. 116B, an anisotropy etching as a
dry etching is performed for the hard mask material film 114
using the resist pattern 115 as a mask, so that a hard mask
material pattern 114a is formed. In this dry etching process, a
gas of a phloro-carbon series such as CF, is used as the dry
etching gas.

Because the thickness of the hard mask material film 114 is
thin, it is not necessary to use the highly selective etching that
was described in the related art section. However, when the
highly selective etching is used and the hard mask material
film 114 is etched while protecting the resist pattern 115 by
adhering the reaction products to the resist pattern 115, the
amount of the adhesion of the reaction products to the resist
pattern 115 become approximately uniform in the entire area
of the resist pattern because the pattern density of the resist
pattern 115 makes uniform.

After this process, the resist pattern 115 is removed by O,
ashing process or a process (hereinafter referred to as “SP
process™) using a stripper solution made of a mixed solution
of a hydrogen peroxide solution and a sulfuric acid, or it is
also possible to use a combination of the O, ashing process
and the SP process.

Next, as shown in FIG. 116C, aresist film is applied and the
resist film is exposed and then developed by the usual lithog-
raphy process. A resist pattern 116 is thereby formed.

This resist pattern 116 covers only the area corresponding
to the LSI circuit pattern, that is finally required, in the hard
mask material film pattern 114a.

Following this process, as shown in FIG. 116D, the area of
the dummy pattern in the hard mask material film pattern
114a is removed by etching using a thermal phosphoric acid.

Further, as shown in FIG. 116E, the resist pattern 116 is
removed by the O, ashing process or PS process. In this case,
it is also possible to use a combination of both the O, ashing
process and SP process.

Next, as shown in FIG. 116F, the gate material film 113 and
the gate insulation film 112 are etched by the dry etching
(Reactive lon Etching: RIE) of anisotropic etching using the
remained hard mask material pattern 114a, namely, the pat-
tern corresponding to the L.SI circuit pattern as a mask, so that
the gate layer pattern is formed. In this dry etching process, a



US 8,163,611 B2

41

gas of Halogen series such as Cl,, HBr and the like is used as
the etching gas. It is not necessary to use the highly selective
etching (which was described in the description of the related
art) in this dry etching process because the hard mask material
film is hard and has a high RIE resistant when compared with
the resist film. Hence, if there are a rough pattern area and a
dense pattern area in the LSI circuit pattern, the pattern
dimension of the LSI circuit pattern is not changed.

Finally, the hard mask material film pattern 114a is
removed by etching using a thermal phosphoric acid.

As described above, according to the twelfth embodiment,
it is possible to obtain a gate layer pattern having an uniform
pattern width in the entire area regardless of the rough/dense
degree of the gate layer pattern by forming a hard mask
material film pattern using a resist pattern of an uniform
pattern density and by etching a gate material film using the
hard mask material film pattern.

Thirteenth Embodiment

FIGS. 117A to 117G are sectional views showing a semi-
conductor device fabrication method of the thirteenth
embodiment, in actual, showing fabrication processes in a
gate layer pattern (gate electrode pattern and a gate wiring
pattern) fabrication method of MOS transistors in the semi-
conductor device fabrication method.

In the thirteenth embodiment, a process is added into the
processes of the twelfth embodiment shown in FIG. 116A to
FIG. 116F. Hence, the processes other than this additional
process are the same as those of the twelfth embodiment and
the explanation of those same processes is basically applied to
the thirteenth embodiment.

First, as shown in FIG. 117A, the gate insulation film 112,
the gate material film 113, and the hard mask material film
114 are formed over the semiconductor substrate 111, and
further, the resist pattern 115 is formed over the hard mask
material film 114, like the manner of the twelfth embodiment.

Next, as shown in FIG. 117B the resist pattern 115 is
slimmed by performing the sliming process in order to form
a resist pattern 115a slimmed. In this sliming process, a dry
etching is performed, and a mixed gas of HBr, CH,, and O, is
used as an etching gas, for example.

At this time, the amount of the sliming process (namely, a
sliming width) of the resist pattern 115 is uniform in the entire
area and the pattern width of the slimmed resist pattern 115a
becomes uniform in the entire area because the pattern den-
sity of the resist pattern 115 has been uniform.

Next, as shown in FIG. 117C, like the manner of the twelfth
embodiment, the hard mask material film 114 is etched using
the resist pattern 115a as a mask in order to form the hard
mask material film pattern 114q. Like the same reason of the
twelfth embodiment, the pattern width of the hard mask mate-
rial film pattern 114a becomes uniform in the entire area.
After this process, like the same manner of the twelfth
embodiment, the resist pattern 1154 is removed.

Following processes are the same as those processes of the
twelfth embodiment. That is, as shown in FIG. 117D, the
resist pattern 116 that covers the area corresponding to the
LSI circuit pattern, that will be finally required, is formed in
the hard mask material film pattern 114a. Following this
process, as shown in FIG. 117E, the dummy pattern in the
hard mask material film pattern 114a is removed using the
resist pattern 116 as a mask by performing the etching pro-
cess. Further, after the resist pattern 116 is removed shown in
FIG. 117F, the gate layer pattern is formed, as shown in FIG.
117G, by etching the gate material film 113 and the gate
insulation film 112 using the remained hard mask material
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film pattern 114¢ as a mask. Finally, the hard mask material
film pattern 114aq is removed by performing the etching pro-
cess.

In the third embodiment, like the twelfth embodiment, it is
possible to obtain the gate layer pattern having a uniform
pattern width in the entire area regardless of the rough/dense
degree of the gate layer pattern. Further, it is possible to
further form a finer gate layer pattern by performing the
sliming process of the resist pattern.

Fourteenth Embodiment

FIGS. 118A to 118G are sectional views showing a semi-
conductor device fabrication method of the fourteenth
embodiment, in actual, showing fabrication processes in a
gate layer pattern (gate electrode pattern and a gate wiring
pattern) fabrication method of MOS transistors in the semi-
conductor device fabrication method.

In the fourteenth embodiment, a process is added into the
processes of the twelfth embodiment shown in FIG. 116A to
FIG. 116F. Hence, the processes other than this additional
process are the same as those of the twelfth embodiment and
the explanation of those same processes is basically applied to
the thirteenth embodiment unless it is mentioned.

First, as shown in FIG. 118A, the gate insulation film 112,
the gate material film 113, and the hard mask material film
114 are formed over the semiconductor substrate 111, and the
resist pattern 115 is then formed over the hard mask material
film 114, like the manner of the twelfth embodiment.

Next, as shown in FIG. 118B, the hard mask material film
114 is etched using the resist pattern 115 as a mask, so that the
hard mask material film pattern 114a is formed. Like the same
reason in the twelfth embodiment, the pattern width of the
hard mask material film pattern 114a can be uniform in the
entire area. After this process, like the manner of the twelfth
embodiment, the resist pattern 115 is removed.

Next, as shown in FIG. 118C, like the manner ofthe twelfth
embodiment, the hard mask material film pattern 114a is
slimmed by performing the sliming process, so that the
slimmed hard mask material film pattern 1145 can be
obtained. Dry etching or wet etching is used in this sliming
process. The dry etching uses an etching gas, for example, a
gas of a phloro-carbon series such as CHF;, and the wet
etching uses an etching solution, for example, an etching
solution of HF series.

At this time, because the pattern density of the hard mask
material film pattern 114a has been uniform, the sliming
amount (namely, the sliming width) of the hard mask material
film pattern 1145 becomes approximately uniform in the
entire area.

Following processes are the same as those processes of the
twelfth embodiment. That is, as shown in FIG. 118D, the
resist pattern 116 that covers the area corresponding to the
LSI circuit pattern (which is finally required) is formed in the
hard mask material film pattern 1145. Following this process,
as shown in FIG. 118E, the dummy pattern in the hard mask
material film pattern 1145 is removed using the resist pattern
116 as a mask by performing the etching process. Further,
after the resist pattern 116 is removed shown in FIG. 118F, the
gate layer pattern is formed, as shown in FIG. 118G, by
etching the gate material film 113 and the gate insulation film
112 using the remained hard mask material film pattern 1146
as amask. Finally, the hard mask material film pattern 1145 is
removed by performing the etching process.

In the fourteenth embodiment, like the twelfth embodi-
ment, it is possible to obtain the gate layer pattern having a
uniform pattern width in the entire area regardless of the
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rough/dense degree of the gate layer pattern. Further, it is
possible to further form a finer gate layer pattern by perform-
ing the sliming process of the hard mask material film pattern.

Fifteenth Embodiment

FIGS. 119A to 119H are sectional views showing a semi-
conductor device fabrication method of the fifteenth embodi-
ment, in actual, showing fabrication processes in a gate layer
pattern (gate electrode pattern and a gate wiring pattern)
fabrication method of MOS transistors in the semiconductor
device fabrication method.

In the fifteenth embodiment, processes are added into the
processes of the twelfth embodiment shown in FIG. 116A to
FIG. 116F. In actual, the additional processes, which have
been added in both the thirteenth embodiment and the four-
teenth embodiment, are added into the processes of the
twelfth embodiment. Hence, the processes other than those
additional processes are the same as those of the twelfth
embodiment and the explanation of those same processes in
the twelfth to fourteenth embodiments is basically applied to
the fifteenth embodiment unless mentioned.

First, as shown in FIG. 119A, the gate insulation film 112,
the gate material film 113, and the hard mask material film
114 are formed over the semiconductor substrate 111, and
further, the resist pattern 115 is formed over the hard mask,
material film 114, like the manner of the twelfth embodiment.

Next, as shown in FIG. 119B, the resist pattern 115 is
slimmed by performing the sliming process in order to form
the slimmed resist pattern 1154. At this time, the amount of
the sliming process (namely, the sliming width) of the resist
pattern 115 becomes uniform in the entire area and the pattern
width of the slimmed resist pattern 115a becomes uniform in
the entire area because the pattern density of the resist pattern
115 has been uniform.

Next, as shown in FIG. 119C, like the manner of the twelfth
embodiment, the hard mask material film 114 is etched using
the resist pattern 115a as a mask in order to form the hard
mask material film pattern 114q. Like the same reason of the
twelfth embodiment, the width (pattern width) of the hard
mask material film pattern 114a becomes uniform in the
entire area. After this process, like the manner of the twelfth
embodiment, the resist pattern 1154 is removed.

Next, as shown in FIG. 119D, like the fourteenth embodi-
ment, the hard mask material film pattern 114a is slimmed by
performing the sliming process, so that the slimmed hard
mask material film pattern 1145 can be obtained. At this time,
because the pattern density of the hard mask material film
pattern 114a has been uniform, the amount of the sliming
(namely, the sliming width) of the hard mask material film
pattern 1145 becomes approximately uniform in the entire
area.

Following processes are the same as those processes of the
twelfth embodiment. That is, as shown in FIG. 119E, the
resist pattern 116 that covers the area corresponding to the
LSI circuit pattern, that will be finally required is formed, in
the hard mask material film pattern 11454. Following this
process, as shown in FIG. 119F, the dummy pattern in the
hard mask material film pattern 1145 is removed using the
resist pattern 116 as a mask by performing the etching pro-
cess. Further, after the resist pattern 116 is removed shown in
FIG. 119G, the gate layer pattern is formed, as shown in FIG.
119H, by etching the gate material film 113 and the gate
insulation film 112 using the remained hard mask material
film pattern 1145 as a mask. Finally, the hard mask material
film pattern 1145 is removed by performing the etching pro-
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cess. The line width of the obtained gate layer pattern formed
by the above processes becomes approximately 60 nm, for
example.

In the fifteenth embodiment, like the twelfth embodiment,
it is possible to obtain the gate layer pattern having an uniform
pattern width in the entire area regardless of the rough/dense
degree of the gate layer pattern. Further, it is possible to
further form a finer; gate layer pattern by performing the
sliming process of the resist pattern and the hard mask mate-
rial film pattern.

In the twelfth embodiment through the fifteenth embodi-
ment, although the hard mask material film is formed between
the gate material film and the resist film, it is possible to use
an anti-reflection material film or a planarization material
film. Further, it is also possible to use a single layer film made
up of one of the hard mask material film, the anti-reflection
material film, and the planarization material film, or to use a
laminated layer film made up of a combination of those films.

Instead of the silicon oxynitride film (SiON film) as the
anti-reflection material film described in the twelfth to fif-
teenth embodiments, it is possible to use following films:
silicon oxynitride film (SiON film); silicon oxidation film
(Si0,); silicon nitride film (Si;N,, film); aluminum oxide film
(AL,O; film); silicon carbide film (SiC film); carbon film (C
film); and the like. Further, instead of the planarization mate-
rial film it is possible to use a film including an organic
coating film of “1” ray spectrum resist, for example, a film on
which an organic coating film such as SOG (Spin On Glass)
and the like is coated.

Furthermore, the hard mask material film, the anti-reflec-
tion material film, and the planarization material film are
commonly used in order to increase a pattern-accuracy in a
lithography process. The hard mask material film, in general,
is formed over orunder a resist film in order to transfer a resist
pattern ofthe resist film on it and then used as an etching mask
for an underlying layer. The anti-reflection material film, in
general, is formed over or under the resist film in order to
decrease the amount of an exposure light reflected from the
underlying layer during a pattern exposure process. The pla-
narization material film, in general, is formed over or under
the resist film in order to decrease an influence of a rough
surface of the underlying layer.

Moreover, although the twelfth embodiment through the
fifteenth embodiment explain the cases of the formation of the
gate layer pattern of the transistor, it is possible to apply the
above-described manners of those embodiments to various
LSI fabrication processes.

Further, it is possible to decrease an influence of a dimen-
sion error caused by the pattern rough/dense degree, and it is
thereby possible to form a fine pattern with high accuracy.

Still furthermore, it is acceptable to slim a first resist pat-
tern by performing the sliming process after the first resist
pattern is formed, and it is also acceptable to slim a second
material film pattern by performing the sliming process after
the second material film pattern is formed. Further, it is also
acceptable to slim the first resist pattern by performing the
sliming process after the first resist pattern is formed and to
slim the second material film pattern by performing the slim-
ing process after the second material film pattern is formed.

As described above, it is possible to obtain a uniform
pattern density by forming a dummy pattern in addition to a
desired pattern over the first resist pattern. It is possible to
obtain the second material film having uniform pattern width
by etching the second material film using the first resist pat-
tern of the uniform pattern density as a mask. When the first
material film is etched using a part corresponding to a desired
pattern in the second material film as a mask, different from
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the case in which the resist is used as a mask, it is possible to
uniform the pattern width of the first material film in the entire
area because there is no influence of the pattern rough/dense
degree. Moreover, when the sliming process is performed, it
is possible to uniform the pattern width in the entire area
because the pattern density has been uniform.

The present invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The embodiments are therefore to be con-
sidered in all respects as illustrative and not restrictive, the
scope of the present invention being indicated by the
appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

What is claimed is:

1. A semiconductor device fabrication method, compris-
ing:

forming a first material over a work substrate;

forming a first resist layer to cover the first material;

performing a first exposure process on the first resist layer

to form a first resist pattern over the substrate;
slimming the first resist pattern to form a second resist
pattern over the substrate;

processing the first material using the second resist pattern

as a mask to form a first hard mask pattern over the
substrate;

removing the second resist pattern;

forming a second resist layer to cover the first hard mask

pattern after the second resist pattern is removed;
performing a second exposure process on the second resist
layer to form a third resist pattern over the substrate;
processing the first material having the first hard mask
pattern using the third resist pattern as a mask to form a
second hard mask pattern over the substrate;

removing the third resist pattern;

processing the work substrate using the second hard mask

pattern; and

removing the first material.

2. The semiconductor device fabrication method according
to claim 1, wherein the first material includes one of a single
layer film or a multi-layer film, where the single layer film is
made up of one of ahard mask material film, an anti-reflection
material film, or a planarization film, and the multi-layer film
is made up of a combination of at least two of them.

3. The semiconductor device fabrication method according
to claim 1, wherein the first material includes one of a silicon
oxidation (Si0O,) film, a silicon nitride (Si;N,) film, a silicon
oxynitride (SiON) film, an aluminum oxide (Al,O;) film, a
silicon carbide (SiC) film, a carbon (C) film, or a film made up
of a combination of at least two of them.

4. The semiconductor device fabrication method according
to claim 1, wherein a region of the substrate where the first
resist pattern is formed includes a gate electrode region of a
transistor.

5. The semiconductor device fabrication method according
to claim 1, wherein a region of the substrate where the second
third resist pattern is formed includes an area other than a gate
region of a transistor.

6. The semiconductor device fabrication method according
to claim 5, wherein the region of the substrate where the third
resist pattern is formed includes a memory cell section.

7. The semiconductor device fabrication method according
to claim 1, wherein the first resist pattern is one of following
resist patterns:

a resist pattern directly formed over the first material;
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aresist pattern formed over an anti-reflection material film;

and

a resist pattern formed by a multi-layer resist mask film.

8. The semiconductor device fabrication method according
to claim 1, wherein in the second exposure process a halftone
mask is used.

9. The semiconductor device fabrication method according
to claim 1, wherein each process is used for the formation of
a gate layer in a transistor.

10. A semiconductor device fabrication method, compris-
ing;

forming a first material over a substrate;

forming a first resist layer to cover the first material;

performing a first exposure process on the first resist layer

to form a first resist pattern;

slimming the first resist pattern to form a second resist

pattern;

processing the first material based on the second resist

pattern to form a first pattern;

removing the second resist pattern;

forming a second resist layer to cover the first pattern after

the second resist pattern is removed;

performing a second exposure process on the second resist

layer to form a third resist pattern;

processing the first material including the first pattern

based on the third resist pattern to form a second pattern;
and

removing the third resist pattern.

11. The semiconductor device fabrication method accord-
ing to claim 10, wherein the first material is made of a hard
mask material.

12. The semiconductor device fabrication method accord-
ing to claim 10, wherein processing the first material based on
the second resist pattern comprises:

processing the first material using the second resist pattern

as a mask.

13. The semiconductor device fabrication method accord-
ing to claim 10, wherein processing the first material based on
the third resist pattern comprises:

processing the first material using the third resist pattern as

a mask.

14. The semiconductor device fabrication method accord-
ing to claim 11, further comprising:

forming a gate electrode pattern by processing an underly-

ing film using the second pattern as a mask.

15. The semiconductor device fabrication method accord-
ing to claim 10, wherein the second pattern is a gate electrode
pattern.

16. The semiconductor device fabrication method accord-
ing to claim 10, wherein the second exposure process to form
the third resist pattern is performed using a half tone mask.

17. The semiconductor device fabrication method accord-
ing to claim 14, wherein the gate pattern has a gate electrode
pattern in a memory cell section.

18. The semiconductor device fabrication method accord-
ing to claim 15, wherein the gate pattern has a gate electrode
pattern in a memory cell section.

19. The semiconductor device fabrication method accord-
ing to claim 10, wherein the first material includes at least one
of'a silicon oxynitride (SION) film, a silicon oxidation (SiO,)
film, a silicon nitride (Si;N,) film, a silicon carbide (SiC)
film, a carbon (C) film, or an anti-reflection material film.

20. The semiconductor device fabrication method accord-
ing to claim 14, wherein the first material includes at least one
of'a silicon oxynitride (SION) film, a silicon oxidation (SiO,)
film, a silicon nitride (Si;N,) film, a silicon carbide (SiC)
film, a carbon (C) film, or an anti-reflection material film.
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21. The semiconductor device fabrication method accord- forming the first resist pattern on an anti-reflection material
ing to claim 10, wherein a thickness of the first material is 50 film.
nm to 100 nm. 24. The semiconductor device fabrication method accord-
22. The semiconductor device fabrication method accord- ing to claim 10, wherein forming the first resist pattern com-
ing to claim 14, wherein a thickness of the first material is 50 5 prises:
nm to 100 nm. forming the first resist pattern by multi-layer resist mask
23. The semiconductor device fabrication method accord- process.

ing to claim 10, wherein forming the first resist pattern com-
prises: I T S



